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General introduction
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Cerebral palsy
Cerebral palsy (CP) is the most common cause of motor disability in children, affecting approx-
imately 2 per 1,000 live births.1,2 According to the internationally accepted definition, CP can be 
described as “(…) a group of permanent disorders of the development of movement and posture, 
causing activity limitation, that are attributed to non-progressive disturbances that occurred in the de-
veloping fetal or infant brain. The motor disorders of CP are often accompanied by disturbances of sen-
sation, perception, cognition, communication, behavior, by epilepsy and by secondary musculoskeletal 
problems.”3 CP is heterogeneous, with different types, topographical distribution, and severity. 
The Surveillance of Cerebral Palsy in Europe (SCPE) distinguishes three main types of CP: spastic, 
ataxic, and dyskinetic.4 Spastic CP is characterized by at least two neurological signs: (1) abnormal 
pattern of posture and/or movement, (2) increased tone, and/or (3) pathological reflexes.4 The 
SCPE supports the distinction between unilateral and bilateral spastic CP,4 though the traditional 
terms hemiplegia, diplegia, and quadriplegia are still used to describe topographical distribution.5 
About 30% of children with CP have unilateral spastic CP (uCP).6 The focus of this dissertation is 
on this subtype.
Arm-hand functioning
The motor deficits of children with uCP are often most prominent in the upper extremity. Motor 
skills are compromised by impairments in motor execution, sensorimotor integration, motor 
planning, and bimanual coordination beyond unimanual dexterity impairments.7 In addition, 
certain children with uCP disregard the remaining capacity of the affected arm and hand for 
spontaneous use in daily life, which is known as developmental disregard.8 The typical manual 
performance can be described by means of the Manual Ability Classification System (MACS). This 
five-point rating scale classifies how children with CP use their hands to handle objects in daily 
activities. Children with uCP generally have MACS level I, II, or III. Level I indicates that a child 
handles objects easily and successfully, whereas a child classified in level III handles objects with 
difficulty and needs help to prepare and/or modify activities.9 The arm-hand impairments of CP 
can manifest themselves in all three components of functioning of the Children & Youth Version 
of the theoretical framework International Classification of Functioning, Disability, and Health 
(ICF-CY): body functions and structures, activities, and participation.10 Within the activity domain, 
three separate but related constructs can be distinguished: motor capacity (the child’s ability to 
perform a task in a standardized, controlled environment), motor capability (the child’s ability to 
perform a task in his/her daily environment), and motor performance (what the child actually 
does do in his/her daily environment).11 As most daily functional tasks are bimanual in nature, 
the difficulties that children with uCP experience in planning and performing bimanual activities 
negatively affect their independence, participation, and quality of life.12,13
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Upper extremity therapy approaches
In former times, traditional neurodevelopmental therapy models targeted tone reduction and 
movement normalization.14 For about the last two decades, this focus has increasingly shifted 
from the body structures and functions level of the ICF-CY to enhancing activities.14 Different 
therapy approaches have been developed. Constraint-induced movement therapy (CIMT) and 
bimanual intensive movement therapy (BIMT) are the most frequently reported in the literature. 
Both therapy approaches are based on motor learning theory and entail intensive structured 
practice.14–17
CIMT aims to increase spontaneous use of the affected upper extremity by physically re-
straining the less-affected arm, while the child performs repetitive unimanual task practice. In 
children with uCP, modified protocols of CIMT are often applied, using age-appropriate therapy 
dosage, schedule, and tasks.12,17,18
BIMT targets the use of the affected hand as a functional (nondominant) assisting hand 
by practicing bimanual activities that require coordinated use of both hands together.14,16 This dis-
sertation will use the definition suggested by Klepper et al., who describe BIMT as “an intervention 
that (1) incorporates structured, intensive bimanual training; (2) follows the principles of motor control 
and motor learning, and (3) is aimed at improving upper extremity function in children with uCP”.17 
Alternative terms used to describe this therapy approach include bimanual intensive therapy 
(BIT), and hand-arm bimanual intensive therapy (HABIT).
Abundant research has demonstrated the effectiveness of both CIMT and BIMT on upper 
extremity outcomes at the ICF-CY activity level, although fewer studies had investigated BIMT.12,14–
18 Compared to each other, neither of the therapy approaches is superior.12,16–18 However, BIMT 
leads to more improvements in bimanual coordination during functional activities, achievement 
of goals meaningful to children and parents, and bilateral spontaneous use of the hand.14,16–18 
This is in accordance with the specificity of practice hypothesis that assumes more transfer of 
learning with increased similarity of skill components.16 In addition, activities children are en-
gaged in during BIMT may be more diverse and motivating to the child than are unimanual CIMT 
activities.16,19 Nevertheless, research indicates that meaningful improvements are more strongly 
associated with training dose than with the therapy approach.12,17
The Dutch guideline for treatment for children with spastic CP gives six criteria for func-
tional BIMT and CIMT interventions. First, the therapy should be goal-directed. Goals should be 
defined in consultation with the parents and/or child, and preferably determined using a valid 
and reliable instrument, such as the Canadian Occupational Performance Measure (COPM) or 
Goal Attainment Scale (GAS). Second, the therapy should always target the activity and partic-
ipation components of the ICF-CY. Third, the therapy should be task-specific: based on a task 
analysis aiming at practicing (sub-)activities that have been formulated in the goals. Fourth, the 
child and its parents should have an active role in learning, discovering, and finding solutions. 
Fifth, for the result of the intervention, the focus should be on functionality (that the child can 
and actually does perform the activity) rather than normality (that the child performs the activity 
according to qualitative or motor norms). Sixth and last, the therapy should be context-specific.20 
A meta-analysis by Sakzewski et al.12 has revealed two additional recommendations for upper 
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extremity interventions in children with uCP: (1) contemporary motor learning approaches that 
use activity-based therapy should be used; and (2) therapy should be adequately dosed.12 Still, 
there are some important issues for future research. The minimum and optimal dosage required, 
and the effectiveness of intensive short-duration interventions compared to distributed training 
schedules are still unknown.12,14,16–18 Other remaining questions relate to therapy costs,15 as well 
as the target population, timing, and content of BIMT.18 Last, the feasibility and effects of parents 
delivering home-based training should be investigated.12,17
Motor learning strategies
A challenge in bimanual training is that children tend to compensate using only the less-affected 
hand.14,16 Functional use and motor skills of the affected hand can be learned implicitly and/or 
explicitly. A Delphi study by Kleynen et al.21 proposes definitions for implicit and explicit motor 
learning. Implicit learning is defined as “learning which progresses with no or minimal increase 
in verbal knowledge of movement performance (e.g., facts and rules) and without awareness”, where-
as explicit motor learning is regarded as “learning which generates verbal knowledge of movement 
performance (e.g., facts and rules), involves cognitive stages within the learning process and is depen-
dent on working memory involvement”.21 In this dissertation, these types of motor learning are 
considered to represent opposite ends of a continuum rather than a dichotomy. Explicit motor 
learning depends on the working memory to temporarily store and process declarative knowl-
edge.22 Children with CP are at risk of working memory and executive function deficits.23 It may be 
hypothesized that this restricts their ability to learn motor skills in an explicit way. The capacity for 
explicit motor learning is particularly reduced in children with right uCP, as explicit learning seems 
to be associated with left hemisphere activity.24 Hence, although at this time in interventions the 
emphasis is primarily on explicit approaches, children with uCP may benefit from including more 
implicit learning principles.22 For home-based interventions, it is additionally hypothesized that 
implicit skill acquisition requires less prompting from parents. This, in turn, might be advantageous 
in terms of motivation and self-efficacy of the child, parent-child interaction, and compliance.
Home-based interventions
A home-based intervention is, according to Novak and Barry, a mode of therapy which comprises 
“therapeutic activities that the child performs with parental assistance in the home environment with 
the goal of achieving desired health outcomes”.25 Parents of children with CP introduced a slightly 
different definition: “Home programs are a form of guidance and advice which become a way of life 
for parents and children. Through regular practice of activities at home, parents maximize their child’s 
potential. Parents use the guidance and support that they gain from home programs to build confi-
dence about how to help their child”.25
The aim of rehabilitation is for children to perform acquired skills in their daily living envi-
ronment. The principle of practice specificity indicates that the practice and actual performance 
situation need to be comparable. The more similar the context, the better transfer of learning 
occurs. This implies that generalization of bimanual performance is fostered when the child prac-
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tices in the natural home environment.26 In addition, as can be derived from the last sentence of 
the second definition, parent-delivered home-based interventions may also increase self-efficacy, 
empowerment, and self-reliance of parents.
There is a shift towards self-reliance of families being a priority, professionals fulfilling 
a coaching role, and the use of e-health technologies, as key aspects of future health care.27 In 
pediatric rehabilitation, family-centered care is generally accepted and increasingly adopted as 
a framework for development of rehabilitation programs. Key elements of family-centered care 
include recognizing the family as central and primary source of support to the child, encour-
aging the development of true collaborative relationships and partnership between families 
and health-care providers, acknowledging the parents’ expertise, and focusing on enhancing 
their competence.28 Home-based interventions fit in well with this mode of care. Parents being 
coached by the rehabilitation team, supported by e-health applications where needed, may con-
tribute to increased self-reliance in parents.
Despite the importance of home-based interventions, there is scant information on inter-
vention’s content, and evidence of best practices is still lacking. Moreover, there remains a paucity 
of evidence on home-based BIMT, hereafter referred to as home-based bimanual training.
In previous studies of parent-delivered home-based interventions, several unfavorable con-
sequences have been found, partly related to the high training intensity. These include limited 
compliance, parents feeling pressured to adhere to therapeutic activities, parents sacrificing other 
activities, and a negative impact on parent-child emotional availability and interaction, as well as 
on family relationships and wellbeing.29–32 These consequences may induce or increase parental 
stress.30 Unfortunately, these aspects are often ignored in the design and evaluation of home-
based interventions.
Bringing the aforementioned together, optimal home-based bimanual training programs 
must (1) be goal-directed; (2) target the activity and participation domains of the ICF-CY; (3) 
focus on functionality rather than normality; (4) facilitate an active role for both the child and 
the parents; (5) be task-specific; (6) be context-specific; (7) adopt motor learning approaches; (8) 
have a dose that is adequate to generate therapy effects and at the same time be feasible for 
parent-delivered training at home; and (9) implement strategies to prevent or limit therapy-re-
lated parental stress and other unintended psychological and social effects. We developed two 
variants of a home-based bimanual training program (one implicitly and one explicitly oriented) 
according to these requirements.
Aims and outline of this dissertation
This dissertation presents the results of the research project COAD (“CO-creation At hanD: the 
road to independence“). The overall aim of this dissertation was to generate scientific knowl-
edge on the chances and challenges of home-based bimanual training in children with uCP. Two 
home-based training programs were developed that are novel in the motor learning principles 
applied (implicit versus explicit) and in the focus on support of parents through an interdisciplin-
ary coaching process.
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This dissertation continues with the protocol (Chapter 2) and results (Chapter 3) of a sys-
tematic review regarding the feasibility and effects of home-based therapy programs for children 
with CP. In Chapter 4, the rationale and protocols of the home-based bimanual training programs 
of the COAD-study are described in detail. This includes one program based on implicit motor 
learning principles and another on explicit motor learning principles. Parents delivering inter-
ventions in children with a physical disability are potentially at risk of therapy-related parental 
stress. Chapter 5 provides a conceptual analysis of this topic. In addition to activity-measures, 
participation is an important outcome to focus on in intervention research in children with CP. 
In the Dutch guideline for children with spastic CP, four participation outcome measures are 
recommended.20 Given the targeted age groups and ease of administration, in the COAD-study 
the Lifestyle Assessment Questionnaire for children with cerebral palsy (LAQ-CP) was considered 
most appropriate to evaluate participation. Since no Dutch version of this measure was then 
available, Chapter 6 is concerned with the cross-cultural translation and adaptation of the LAQ-CP 
into Dutch. Besides, a multicenter randomized controlled trial (RCT) was designed to evaluate 
the effectiveness of the home-based training programs. However, as many problems arose, the 
trial had to be terminated earlier than planned, and the study was transformed into a case-se-
ries. Therefore, Chapter 7 elaborates on the barriers to the recruitment of participants in this trial 
through a multidimensional evaluation to facilitate future research in this field. The effects of the 
home-based training programs are eventually presented as a case series in Chapter 8. Parallel to 
the effect study, we conducted a preplanned mixed-methods process evaluation of the home-
based training programs. Chapter 9 outlines the protocol for this study, while in Chapter 10 the 
results are reported. Given the drawbacks of RCTs in the population of children with CP, more 
recognition should be given to alternative interventional research designs. Hence, Chapter 11 
gives an overview of single-case experimental design studies performed in children with CP 
by means of a scoping review. Finally, Chapter 12 synthesizes the findings in a general discussion 
and provides recommendations for clinical practice and future research.
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Abstract
Introduction Given the promising advantages of upper extremity home-based programmes 
in children with cerebral palsy (CP), a systematic review of the available literature on this topic 
is warranted. The purpose of the systematic review described in this protocol is to investigate 
currently available home-based occupational therapy and physiotherapy programmes regarding 
both their feasibility and effect.
Methods and analysis This protocol describes a systematic review, developed in accordance 
with the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) 
2015. Studies will be included in which primary data are collected, participants are children 
aged < 18 years with any type of CP and the intervention of interest is a home-based occupation-
al therapy or physiotherapy intervention. Comparators of interest are: no therapy, care as usual, 
centre-based occupational therapy or physiotherapy, an alternative home-based programme 
and a medical intervention. Studies will be included that report either on feasibility (ie, acceptabil-
ity, demand, implementation, practicality, adaptation, expansion or integration) or on efficacy/
effectiveness (ie, child-related upper extremity outcomes within all International Classification 
of Functioning, Disability and Health levels or parent-related/caregiver-related outcomes on the 
psychological and social domain). Relevant studies will be identified by searching the databases 
MEDLINE, EMBASE, CINAHL, PsycINFO, PEDro, OTSeeker and CPCI-S as well as the trial registers 
ICTRP and CENTRAL, the reference lists of included records and by circulating a bibliography of 
the included records to authors of included studies. There will be no restrictions on language or 
year of publication. The search strategy consists of terms related to the population and interven-
tion. Data will be extracted in duplicate using a digital data extraction form.
Ethics and dissemination The proposed study does not involve collection of primary data. 
Accordingly, no ethical approval is required. The authors will disseminate the findings of this sys-
tematic review through publication in a peer-reviewed journal and conference presentation(s).
Trial registration number CRD42016043743; pre-results.
Systematic review protocol
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2Introduction
Cerebral palsy (CP) is one of the most common causes of physical disability in children. The ma-
jority of children with CP have impaired arm-hand function.1 Abundant research has shown the 
effectiveness of centre-based therapies in children with CP, including upper extremity interven-
tions such as constraint-induced movement therapy and bimanual training.2–5
In recent years, home-based programmes have received increasing attention in rehabilita-
tion of children with CP. These programmes are a useful addition to centre-based occupational 
therapy and physiotherapy for a number of reasons. First, home-based programmes provide 
a unique opportunity to continue aspects of therapy, either in between centre-based sessions 
or after centre-based therapy has ended. This benefits the retention of established intervention 
effects. Second, they increase parental involvement and empowerment, in turn contributing 
to reciprocal partnerships between parents and health professionals. This enables parents and 
health professionals to learn from each other and share each other’s perspectives on the rehabil-
itation of the child. Third, home-based programmes anticipate changes in the healthcare system 
by providing a treatment approach that is considered to be cost-effective. Fourth, and finally, 
home-based programmes may be the preferred or even the only feasible option in specific con-
texts, for example, in cases where long distances need to be travelled from the child’s home to 
the institution. Given these promising advantages of home-based programmes in children with 
CP, a systematic review of the available literature on this topic is warranted.
In a recent study, Sakzewski et al6 provided a systematic overview of non-surgical upper 
extremity therapies in children with unilateral CP and argued that treatment at home may be an 
effective supplement to centre-based interventions. In the same year, Novak and Berry7 focused 
on the effectiveness of home-based programmes in children with CP. In contrast to the study of 
Sakzewski et al, the review of Novak et al was not systematic. Similar to Sakzewski et al however, 
they concluded that home-based programmes using goal directed training are effective for im-
proving motor outcomes.7 To extend the two previous studies, the review described in this proto-
col will be systematic as well as specifically focused on home-based interventions in children with 
CP. The review will be distinctive because its purpose is to investigate currently available home-
based occupational therapy and physiotherapy programmes regarding both their feasibility and 
their effect, and to evaluate both child-related and parent-related outcomes.
Feasibility will be addressed, as this is a prerequisite for effective home-based programmes. 
Since feasibility is a general facet of home-based programmes per se, the review will not be 
limited to feasibility of upper extremity programmes. Feasibility of a variety of home-based oc-
cupational therapy and physiotherapy programmes will be reviewed. In contrast, the review of 
the effect will indeed be limited to home-based programmes that focus on the upper extremity.
Both efficacy and effectiveness will be addressed. Efficacy and effectiveness are related 
concepts, but with an important difference between them. Efficacy relates to results of an in-
tervention under ideal circumstances (ie, explanatory study). Effectiveness, on the other hand, 
relates to the beneficial effect of an intervention under ‘real world’ clinical settings (ie, pragmatic 
study).8 Parents play a key role in a home-based programme for their child. Hence, their contribu-
tion to the programme might affect their psychosocial health, either positive or negative, which 
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may influence the adherence to the programme. Therefore, next to child-related outcomes, par-
ent-related outcomes are of primary interest in our evaluation of efficacy and effectiveness of 
home-based programmes.
Comparison of effectiveness of different upper extremity home-based programmes is crit-
ical for clinical decision-making when considering options for individual treatment plans, or for 
institutional decision-making. Moreover, detailed insight into different home-based programmes 
regarding feasibility, efficacy as well as effectiveness will result in recommendations to improve 
existing home-based programmes and to develop and design of new programmes.
Objectives
The aim of the systematic review described in this protocol is to provide a clear view on the 
available home-based occupational therapy and physiotherapy programmes in children with CP 
(aged < 18 years), specifically home-based programmes that focus on the upper extremity. Two 
objectives will be addressed by the systematic review:
 1. To assess the feasibility of home-based occupational therapy and physiotherapy pro-
grammes in children with CP.
 2. To assess the efficacy and effectiveness of home-based occupational therapy and 
physiotherapy programmes that focus on the upper extremity in children with CP, 
on child-related and parent-related outcomes.
Methods and analysis
Design
The protocol for the systematic review was developed in accordance with the Preferred Report-
ing Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) 2015.9,10
Eligibility criteria
Study designs
Studies in which primary data were collected will be included. That is, (systematic) reviews and 
meta-analyses will be excluded. A relatively small number of available studies are expected.7 Since 
it is strived for an overview of all available evidence, all types of study designs will be included 
regarding feasibility as well as efficacy and effectiveness. However, the hierarchy of evidence will 
be taken into consideration for reporting of the results of the review.
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2Participants
Studies on children aged < 18 years with any type of CP will be included. Studies in which adult 
patients participated in the home-based programme next to children will also be included, 
provided that data were reported separately for children and adults (aged ≥18 years). Likewise, 
studies in which both children with CP and children with other disorders were studied will also be 
included, provided that data of children with CP were reported separately.
Interventions and setting
Studies that report on at least one home-based occupational therapy or physiotherapy interven-
tion will be included. An intervention is considered to be home-based if treatment is performed 
in the home setting without a healthcare provider being physically present. Studies that only 
include therapy provided at a healthcare facility, (pre)school or day care will be excluded. In case 
the intervention takes place in different settings, studies will be included if treatment of the child 
in the home setting is a fundamental, prespecified element of the intervention. Regarding the 
research objective on efficacy/effectiveness, exclusively studies that report on interventions tar-
geting the upper extremity will be included. Hence, studies that report on general gross motor 
function will be excluded.
We consider home-based programmes as complex interventions, composed of several 
interacting components. Possible components could be, for example, training of the parents, 
exercises or supervision by a healthcare professional. Where possible, feasibility, efficacy or effec-
tiveness of components will be described separately.
Comparators
The nature of the comparator (ie, the intervention against which the home-based programme 
is compared) is unrelated to the feasibility of the home-based programme. Hence, to describe 
the feasibility of home-based programmes, studies on all possible control interventions will be 
included as well as studies without one.
To assess efficacy/effectiveness, comparators of interest are: no therapy, care as usual, cen-
tre-based occupational therapy or physiotherapy, and medical intervention (ie, drugs or a surgical 
procedure such as botulinum toxin injections). Studies in which two or more home-based pro-
grammes were compared with each other will also be included.
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Outcomes
To determine feasibility, studies will be included that reported on outcomes within the areas ac-
ceptability, demand, implementation, practicality, adaptation, expansion and integration.11 These 
terms will be elaborated on in the paragraph on ‘Outcomes and prioritisation’.
With regard to efficacy and effectiveness, the outcomes of interest are:
 — Child-related outcomes within all levels of the International Classification of Functioning, 
Disability and Health (ICF), that is, body functions and structures, activity and participation.12
 — Parent-related or caregiver-related outcomes on the psychological and social domain.
Studies reporting on at least one of the aforementioned outcomes regarding feasibility, efficacy 
or effectiveness will be included.
Timing
There will be no restrictions on the length of follow-up to assess outcomes.
Language
There will be no language restrictions.
Information sources
Several complementary information sources will be used to identify relevant studies, applying 
the strategy described in the next paragraph. Also, unpublished studies will be searched for. 
There will be no restriction on the year of publication. First, the following electronic databases 
will be searched for literature: MEDLINE (Ovid interface), EMBASE (Ovid interface) CINAHL (EBSCO 
interface), PsycINFO (EBSCO interface), CPCI-S (Web of Science interface), OTseeker and PEDro. 
The search will be supplemented by searching for trial protocols through the trial register ICTRP. 
Until reaching a point of literature saturation (ie, the moment when no new relevant studies 
emerge), the reference lists of included records will be scrutinised, as well as the reference lists of 
(systematic) reviews and meta-analysis that were found during the search. Titles and abstracts of 
the references will be compared with the eligibility criteria to decide on inclusion in the selection 
process. Finally, a bibliography of the included records will be circulated to all corresponding and 
last authors of included studies. They will be asked to provide details of any other related study 
either by their research group or associates.
Search strategy
The search strategy includes keywords (eg, MESH-terms) and text words (ie, within title and ab-
stract), combining population and intervention-related search terms, for example:
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 1. Cerebral Palsy/
 2. ((cerebral adj2 pals$) or encephalopathia infantalis or spastic diplegia$ or little$ disease).
ti,ab.
 3. or/1–2
 4. exp Self Care/
 5. Home Care Services/
 6. (Home or in?home or home?based or self care or residence or domiciliary).ti,ab.
 7. or/4–6
 8. exp Exercise Therapy/
 9. Physical Therapy Modalities/
 10. (Exercise$ or therapy or therapies or program$ or train$ or physiotherapy$ or occupa-
tional or (physical adj2 therap$)).ti,ab.
 11. or/8–10
 12. 3 and 7 and 11
Two members of the research team (LWMEB and JK) developed the search strategy for each data-
base and trial register. JK will perform the search.
Study records
Data management
Literature search results and corresponding PDF files will be uploaded to the reference manage-
ment software EndNote. EndNote will be used to remove duplicate records. All records will be 
uploaded in Covidence. This program will be used for selection, data collection and maintenance 
of the review.
Selection process
Before the selection process starts, search results of the various information sources will be 
merged and duplicate records will be removed. The first phase of the selection process consists 
of the screening of titles and abstracts on eligibility criteria such that irrelevant records are re-
moved. In case of any doubt regarding relevance, the record will remain included at this stage. 
Subsequently, full texts will be retrieved for all potentially relevant records. Full-text records will 
be examined for compliance of studies with the eligibility criteria. Records for which the full text 
cannot be retrieved may also be included, although results will be reported separately. Multiple 
records of the same study will be identified and handled as described in the paragraph ‘data 
collection process’.
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The first phase of the selection process (ie, screening of titles and abstracts) will be per-
formed in duplicate by two independent reviewers (LWMEB and MLAPS). Examination of the full-
text records will be performed in duplicate and independently by the same reviewers (LWMEB 
and MLAPS), who will not be blinded to any study information. Inter-rater agreement will be cal-
culated. In case of discrepancies in any phase of the selection process, a third and fourth reviewer 
(YJJ-P and BS) will mediate to reach consensus.
Data collection process
Data extraction will be carried out by use of Covidence, in duplicate by two independent review-
ers (LWMEB and MLAPS). To increase consistency between the reviewers, the data extraction form 
will be pilot tested before the start of the data collection process of the review. This will be carried 
out by duplicate completion of the form for two CP-related records (one feasibility study and 
one randomised controlled trial), which are not eligible for inclusion in this review (LWMEB and 
MLAPS). Adaptations will be processed based on discrepancy between the data extraction results 
of the reviewers, evaluated by a third reviewer (YJJ-P) and the reviewers’ experiences during the 
pilot test. In case of discrepancies between the reviewers during the review, a third and fourth 
reviewer (YJJ-P and BS) will arbitrate to reach consensus.
In the absence of complete descriptions of essential information, the reviewers will contact 
the corresponding author to collect the required information. The decision to contact an author 
will be made in mutual agreement between the four reviewers (LWMEB, MLAPS, YJJ-P and BS). 
On the basis of an earlier study, it is expected to receive additional information for ~50% of the 
incompletely described studies.13
Multiple records of a single study will be searched for by comparing author names, inter-
vention locations, intervention characteristics, sample sizes and outcomes of eligible records. If 
multiple records present different outcome variables or time points, they will be combined into 
one record within the review. If overlapping records on the same outcome variable(s) as well 
as the same time points are found, only the one reporting on the largest sample size will be 
included in the review. This will avoid double-counting of participants. In case of inconsistencies 
between reports, the reviewers will contact the authors for clarification, using the same approach 
mentioned earlier in this paragraph.
Data items
From all records, the following information will be extracted: author(s), publication date, study 
design, country, comparator, number of participants (in total and per study arm), outcomes, du-
ration of follow-up and time points of measurements.
The following treatment characteristics of the home-based programmes will be extracted: 
objective, therapy provider(s), duration of the programme, frequency and duration of sessions, 
treatment approach (eg, task-specific training). Furthermore, demographics of participating chil-
dren will be extracted: age, gender, diagnosis (including type and topographical distribution of 
CP), level on the Manual Ability Classification System, level on the Gross Motor Function Classifi-
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cation System and level on the Communication Function Classification System. Finally, the demo-
graphics of parents of participating children will be extracted: age, gender and educational level. 
The data extracted from the included studies will be summarised and tabulated.
Outcomes and prioritisation
Concerning the feasibility objective, the following areas of outcomes will be applied:11
Primary outcome:
 — Acceptability: ‘the extent to which programme deliverers or programme recipients judge 
the programme as suitable, satisfying or attractive (eg, satisfaction)’.
Secondary outcomes:
 — Demand: ‘the extent to which a programme is likely to be used (eg, expressed interest to 
use)’.
 — Implementation: ‘the extent to which a programme can successfully be delivered to intend-
ed participants in some defined, but not fully controlled, context (eg, success or failure of 
execution)’.
 — Practicality: ‘the extent to which a programme can be carried out with intended partici-
pants using existing means, resources and circumstances and without outside intervention 
(eg, ability of participants to carry out intervention activities)’.
 — Adaptation: ‘the extent to which an existing programme performs when changes are 
made regarding format or population (eg, degree to which similar outcomes are obtained 
in a new format)’.
 — Integration: ‘the extent to which a programme can be integrated within an existing system 
(eg, perceived sustainability)’.
 — Expansion: ‘the extent to which a previously tested programme can be expanded to provide 
a new programme or service (eg, positive or negative effects on organisation)’.
For the efficacy and effectiveness studies, the following outcomes will be used:
Primary outcomes:
 — Child-related upper extremity outcomes within the level activity of the ICF (eg, Assisting 
Hand Assessment).
Secondary outcomes:
 — Child-related upper extremity outcomes within the levels body functions and structures and 
participation of the ICF (eg, spasticity assessment and Children's Assessment of Participa-
tion and Enjoyment, respectively).
 — Parent-related or caregiver-related outcomes within the psychological and social domain 
(eg, Parenting Stress Index).
If available, results from an intention-to-treat analysis will be used. All outcomes may be measured 
quantitatively or qualitatively.
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Risk of bias individual studies
Risk of bias of predominantly quantitative studies will be assessed by the Checklist for Measuring 
Quality by Downs and Black.14 The checklist contains 27 yes/no questions across five constructs: 
study quality (the overall quality of the study); external validity (the ability to generalise findings 
of the study); study bias (to assess bias in the intervention and outcome measure(s)); confounding 
and selection bias (to determine bias from sampling or group assignment); and power of the 
study (to determine if findings are due to chance).14 Risk of bias of predominantly qualitative stud-
ies will be assessed by the JBI Critical Appraisal Checklist for Qualitative Research, which consists 
of 10 questions that can be answered with yes, no, unclear or not applicable.15
The risk of bias will be assessed for all applicable studies in duplicate by two independent 
reviewers (LWMEB and MLAPS), without blinding. To increase consistency between the reviewers, 
the checklists will be pilot tested before the start of the risk of bias assessment of the review. 
This will be carried out by duplicate assessment of two CP-related records (one predominantly 
quantitative study and one predominantly qualitative study), which are not eligible for inclusion 
in this review. In case of disagreement between reviewers during the review, a third and fourth 
reviewer (YJJ-P and BS) will arbitrate. Risk of bias will be assessed on the study level. Results across 
studies will be presented graphically. Additionally, the reviewers will state how the risk of bias may 
have influenced their review findings.
Data synthesis
Based on the results of the article of Novak et al,7 a limited number of efficacy and effectiveness 
studies are expected to be found by the systematic search. Additionally, the studies are expected 
to be both clinically and methodologically heterogeneous. Hence, it is anticipated that conduct-
ing a meta-analysis will not be appropriate. Therefore, a method for meta-analysis is not included 
in this protocol. If the assumption emerges to be wrong, this will result in an amendment of the 
protocol, in which a method for meta-analysis will be included. An amendment will be made if at 
least three efficacy and effectiveness studies are comparable regarding treatment, comparator(s) 
and outcome(s).16 The reviewers (LWMEB, MLAPS, YJJ-P and BS) will decide whether a meta-anal-
ysis is appropriate and report the rationale.
Meta-biases
For the efficacy and effectiveness studies included in the review, the risk of selective reporting 
(outcome reporting bias) will be determined. This will be assessed by comparing the records 
on study results with previously published study protocols and registrations. The studies of which 
no study protocol or trial registration was found will also be listed. This procedure will be per-
formed by one reviewer (LWMEB).
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In case of ≥10 homogeneous efficacy and effectiveness studies (according to the criteria 
described in the paragraph ‘data synthesis’), risk of publication bias will be assessed by graphing 
a funnel plot and, if appropriate, supplemented by a statistical test. In the plot, it will be indicated 
which studies have been published in a journal and which ones have not been (yet).
Confidence in cumulative estimate
For each efficacy and effectiveness outcome, the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) guidelines will be used to judge the quality of evidence 
within the domains risk of bias, publication bias, imprecision, inconsistency and indirectness.17 
The quality of the evidence can be scored as high quality (very confident that the true effect lies 
close to that of the estimate of the effect), moderate quality (moderately confident in the effect 
estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility 
that it is substantially different), low quality (confidence in the effect estimate is limited: the true 
effect may be substantially different from the estimate of the effect) or very low quality (very 
little confidence in the effect estimate: the true effect is likely to be substantially different from 
the estimate of effect). The same approach as described in the paragraph ‘risk of bias individual 
studies’ will be used for pilot testing and scoring.
Amendments
In case of protocol amendments, the authors will document the date, description of the changes 
and rationale for each amendment.
Ethics and dissemination
Ethical considerations
The proposed study does not involve collection of primary data. Accordingly, no ethical approval 
is required.
Dissemination plan
This systematic review protocol was registered in the International Prospective Register of Sys-
tematic Reviews (PROSPERO) on 29 July 2016 (registration number CRD42016043743).
The authors will disseminate the findings of this review through publication in a peer-re-
viewed journal and conference presentation(s). The results will be reported according to the 
most recent version of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA).18
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Abstract
Background Home-based training is considered an important intervention in rehabilitation of 
children with unilateral cerebral palsy. Despite consensus on the value of home-based upper limb 
training, no evidence-based best practice exists. Promoting compliance of children to adhere to 
an intensive program while keeping parental stress levels low is an important challenge when de-
signing home-based training programs. Incorporating implicit motor learning principles emerges 
to be a promising method to resolve this challenge.
Methods Here we describe two protocols for home-based bimanual training programs, one 
based on implicit motor learning principles and one based on explicit motor learning principles, 
for children with unilateral spastic cerebral palsy aged 2 through 7 years. Children receive goal-ori-
ented, task-specific bimanual training in their home environment from their parents for 3.5 h/
week for 12 weeks according to an individualized program. Parents will be intensively coached 
by a multidisciplinary team, consisting of a pediatric therapist and remedial educationalist. Both 
programs consist of a preparation phase (goal setting, introductory meetings with coaching pro-
fessionals, design of individualized program, instruction of parents, home visit) and home-based 
training phase (training, video-recordings, registrations, and telecoaching and home visits by the 
coaching team). The programs contrast with respect to the teaching strategy, i.e. how the parents 
support their child during training. In both programs parents provide their child with instruc-
tions and feedback that focus on the activity (i.e. task-oriented) or the result of the activity (i.e. 
result-oriented). However, in the explicit program parents are in addition instructed to give exact 
instructions and feedback on the motor performance of the bimanual activities, whereas in the 
implicit program the use of both hands and the appropriate motor performance of the activity 
are elicited via manipulation of the organization of the activities.
Discussion With the protocols described here, we aim to take a next step in the development 
of much needed evidence-based home-based training programs for children with unilateral ce-
rebral palsy.
Keywords Cerebral palsy, Rehabilitation, Upper extremity, Home program, Task-specific training, 
Implicit motor learning, Explicit motor learning, Bimanual performance, Parental stress
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Background
Cerebral palsy (CP) is a group of neurodevelopmental disorders of movement and posture [1, 2]. 
About one-third of children with CP experiences motor impairments predominantly affecting 
one side of the body, i.e. unilateral CP (uCP) [3], with impaired upper limb functioning as one of 
the most disabling symptoms [4]. Although the condition of CP is static, upper limb functioning 
is amendable to change, owing to the plasticity of the central nervous system [5]. Plasticity is 
the major entry point for the many rehabilitation programs that focus on improving upper limb 
functioning in these children [6]. This appears from studies on the effectiveness of centre-based 
rehabilitation programs for improving upper limb functioning such as goal-directed training (e.g. 
[7, 8]), constraint-induced movement therapy (CIMT) (e.g. [9, 10]), and hand-arm bimanual inten-
sive training (HABIT) (e.g. [11, 12]). Studies examining these programs have shown that the key 
ingredients for effective treatment constitute high training intensity combined with meaningful, 
task-specific, bimanual training [13]. Crucially, in order to reach this high intensity, training needs 
to be motivating for the child, and accommodated to the child’s capabilities [11, 14, 15].
An important next step in rehabilitation practice is (the continuation of ) training in the 
child’s daily life and home situation, such that empowerment of parents and independency from 
healthcare professionals of the parents and child are promoted. Furthermore, learning skills in the 
natural environment has been suggested to lead to better generalization of therapy effects [16]. 
In recent years, home-based training programs have been developed that have shown effec-
tiveness [17]. However, at the same time these programs exemplified two important challenges 
that warrant further study in order for these programs to be feasible in the long term: 1) limit the 
therapy-related stress for the parents, and 2) promote compliance in children to adhere to an 
intensive program that involves repetitive practice [18, 19].
A critical remark on existing pediatric rehabilitation programs is their unspecified descrip-
tion and undifferentiated use of motor learning principles to train the children, i.e. explicit or im-
plicit motor learning. In explicit motor learning conscious aspects of the motor learning process 
are targeted in particular, whereas in implicit motor learning especially non-conscious aspects of 
the motor learning process are targeted [20, 21]. Generally, a combination of implicit and explicit 
motor learning is used in therapy programs in clinical practice, but the main focus is on explicit 
principles [22]. In home-based training programs based on explicit motor learning principles, par-
ents need to prompt the use of the affected side over and over again to maintain a high training 
intensity. This continuous prompting may impose an important stress factor upon parents [23], 
possibly reducing the motivation of both the parents and the child. A more feasible method for 
home-based training may be implicitly eliciting the (proper) use of the affected hand. In this way, 
the burden on parents to continuously prompt their child may be reduced. In addition, studies 
on basic motor learning in children with movement disorders have shown that implicit motor 
learning has positive effects on motivation [24, 25] and self-efficacy [26]. As a consequence, the 
increased motivation of the child to keep practicing may reduce parental stress levels, because 
they are less involved in continuously prompting their child.
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Up until now, these promising advantages of implicit motor learning for home-based train-
ing have not been systematically studied. To enable this we have developed two home-based 
bimanual training programs. In this paper we present the protocols for two home-based training 
programs for young children with uCP, based on either implicit or explicit motor learning princi-
ples. A detailed description of the interventions is provided, in order to promote understanding 
of the content and to facilitate future research.
Methods/design
The description of the protocols follows the Template for Intervention Description and Replica-
tion (TIDieR) guide [27].
General description
The two interventions described in this protocol are:
 — a home-based bimanual training program based on implicit motor learning principles;
 — a home-based bimanual training program based on explicit motor learning principles.
The overall aim of both home-based training programs is to improve the bimanual skills of 
the child whilst minimizing the increase of therapy-related parental stress.
The target population of the home-based training programs is children with unilateral 
spastic CP aged 2 through 7 years with Manual Ability Classification System (MACS) level I-III [28] 
and Gross Motor Function Classification System (GMFCS) level I-III [29]. A physiatrist will determine 
whether the intervention is applicable for a child and the parents. One or two caregivers (either 
the parents or significant others, for example a grandparent) will participate in the training, which 
will be determined in consultation with members of the rehabilitation team involved, before the 
start of the program. For reason of readability we will use the word ‘parents’ in this paper.
The execution of the home-based training programs follows a triple action approach (Fig. 
1). Since previous studies have indicated that support by professionals promotes the feasibility 
of home-based training [30, 31], parents will be intensively coached by a multidisciplinary team, 
consisting of a pediatric therapist (occupational or physical therapist), and a remedial education-
alist (or health care psychologist). As the focus of our home-based training programs is on the 
physical domain as well as the parent-child interaction and behavioral domain, parents will be 
coached by the therapist with regard to therapeutic content and implementation of the training 
in daily life, whereas the remedial educationalist will focus on the parent-child interaction and 
behavioral domain. In the programs, parents will teach the child new skills in the home environ-
ment. As a result, the child will learn new bimanual tasks in the needed context.
4Home-based bimanual training protocols
121
Mul�disciplinary team     
‘coaching’
Parents 
‘teaching’
Child ‘learning’
Figure 1 Triple action approach in home-based training programs
The actual home-based training is focused on improving the child’s bimanual performance 
of five personal rehabilitation goals (goal-oriented). To promote this process, a task-specific ap-
proach will be used, i.e. the activities will be consistent with the context of the particular goal. This 
task-specific approach is in agreement with the latest published version of the Dutch guidelines 
for treatment for children with spastic CP [32]. In these guidelines a task-specific intervention is 
defined as “the intervention is based on a task analysis aiming at practicing (sub-) activities that 
have been formulated in the goals” [32]. As proposed by Gordon [13] and based on the knowl-
edge gained in centre-based programs, in both home-based training programs the same high 
intensity of bimanual training of meaningful task-specific activities is used.
Following the view on motor learning of Kleynen et al., the contrast between both pro-
grams is shaped by three elements: instructions, feedback and organization of the training [33].
Both home-based training programs consist of two phases, i.e. the preparation phase 
and the actual home-based training. Each phase comprises several intervention components 
(Table 1).
Preparation of home-based training
The two-week preparation phase starts with setting goals for the home-based training. Next, 
introductory meetings between the parents and their child and the coaching professionals 
will take place. Thereafter the therapist will design the individualized program, while parents 
will be instructed concerning the home-based training. The last component of the preparation 
phase includes a home visit by the therapist. Each component will be elaborated on in the 
following paragraphs.
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Table 1 Overview of phases and intervention components
Phase Intervention component
Preparation of home-based training Needs assessment and goal setting
Introductory meetings with coaching professionals
Design of individual program
Instruction of parents
Home visit
Home-based training Training
Video-recordings
Registrations 
Telecoaching and home visits by the therapist
Telecoaching by the remedial educationalist
Needs assessment and goal setting
The parents will prioritize five important needs on the domain of bimanual activities using the 
Canadian Occupational Performance Measure (COPM) child-adapted version [34, 35]. The COPM 
is a semi-structured interview for parents, in which they identify and rank their child’s perceived 
problems in activities of self-care, play and/or leisure. The approach of this measure corresponds 
to the goal-oriented approach of the home-based training programs. The COPM has good psy-
chometric properties [36, 37], which also apply to the child-adapted version [34]. The COPM will 
be administered over the phone by a therapist who is experienced in the COPM as well as in clin-
ical practice in pediatric rehabilitation.
Later, the coaching therapist will transform the most important need into a SMART goal 
using video-recordings of the child’s performance of the corresponding activity, and will use Goal 
Attainment Scaling (GAS) to formulate predetermined criteria for the progress towards the reha-
bilitation goal to be scored [38].
Introductory meetings with coaching professionals
The parents and child will have a 60-min introductory meeting with the remedial educationalist 
and another 60-min meeting with the therapist at the rehabilitation centre to get acquainted and 
to discuss the professionals’ role in the coaching team. Furthermore, the remedial educationalist 
will examine aspects of the interaction and behavioral domain that are of interest for the home-
based training, for instance the parent-child interaction and organization of family life (e.g. weekly 
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schedule and division of family responsibilities between parents). The therapist and parents will 
discuss the family situation and home environment, e.g. objects available that are related to the 
individual rehabilitation goals. In addition, the therapist will observe and make video-recordings 
of the child’s performance of the activities corresponding to the needs.
Design of individualized program
To enable a task-specific training program, several steps are followed. The treatment goals, based 
on the COPM and the video-recordings the therapist made of the child’s performance of activities 
corresponding to the needs, as well as video-recordings of assessments, such as the Assisting 
Hand Assessment (AHA) [39], will provide the input. First, the coaching therapist will perform 
a task analysis based on stage 1 of the Perceive, Recall, Plan and Perform (PRPP) System of Task 
Analysis [40], by means of the video-recordings and an observation form. According to the PRPP 
system, each activity is separated into several logical successive steps of approximately equal 
size. As part of the task analysis, the therapist will evaluate the child’s performance of each single 
activity step regarding four error types:
 — errors of omission (such as omitting hooking the zipper before pulling it up);
 — errors of repetition (such as grasping and releasing the zipper several times before pulling 
up the zipper);
 — errors of accuracy (such as being unable to hook the zipper, by missing the hooker);
 — errors of timing (such as the time needed to close the zipper being too long).
Consequently, the therapist will design an individualized program. The order in which the 
treatment goals will be addressed is jointly decided upon by therapist and parents. The therapy 
activities focus on the important steps with the accompanying errors that emerged from the task 
analysis. Progress is realized by increasing the complexity of performance in each relevant step 
emerged from the task analysis. This can be accomplished by adjustments to the initial posture 
of the child in which the activity is performed, the choice of objects (e.g. size of the zipper) or the 
environment in which the activity is carried out (e.g. alone or accompanied by others).
Instruction of parents
Parents will be instructed how to apply the home-based training according to the specific home-
based training program through instruction videos and a manual. The instruction of the parents 
will address four topics, i.e. 1) the content of the home-based training program, 2) the teaching 
approach, 3) the support by the therapist and remedial educationalist during the home-based 
training program, and 4) the use of a digital communication tool that will be used for safe com-
munication and exchange of documents and videos between parents and the therapist and 
remedial educationalist during the home-based training.
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Home visit
The preparation phase ends by a home visit by the coaching therapist lasting approximately 90 
min. During this visit, the therapist will discuss the general outline of the designed individualized 
program with the parents, the therapist will examine the particular home situation with the par-
ents, and parents have the opportunity to ask questions.
Home-based training
The second phase consists of concurrently the actual training, video-recordings and registrations 
created and shared by parents, and coaching of parents by the therapist and remedial educa-
tionalist through telecoaching and home visits. The components will be discussed consecutively.
Training
Children will receive 3.5 h per week (on average 30 min per day) of bimanual training, for 12 weeks 
in total. To support the task-specific approach, the home-based training will be performed in mean-
ingful situations, embedded in family routines. To accommodate this, the hours of training can be 
divided across the week in training sessions with a minimum duration of 10 min. The therapist and 
parents will select everyday objects or (therapeutic) toys that are appropriate for a specific rehabilita-
tion goal. Use of objects and toys from the child’s home situation is preferred. The therapist will strive 
for activities and objects that are varied and in line with the possibilities of the child, to encourage 
children and parents and avoid frustration or boredom.
Despite the fact that at the start of the program an estimation is being made whether the goals 
are realistic for 12 weeks of training, it is possible that goals have already been reached before the 
end of the program. Should this situation arise, the activities are being repeated in order to maintain 
and automate the achieved progress. However, for the training to remain challenging and motivating, 
parents and children may indicate one or two new bimanual rehabilitation goals. These goals will be 
trained during the remaining weeks of the program, in addition to the repetition of the five initial goals.
An interruption of the program for 1 week is allowed, for example due to holidays or illness. 
In the event of a one-week break, this week will be compensated for at the end of the home-based 
training program. If because of circumstances beyond one’s control for more than 1 week cannot 
be trained, only 1 week will be made up for. The maximum duration of the home-based training 
program is therefore 13 weeks, namely 12 regular weeks and a maximum of one ‘catch-up week’.
Video-recordings
To enable the therapist and remedial educationalist to provide coaching that is tailored to the needs 
of the parents and child, parents will video-record a training session once a week. They will share 
the recordings with their coaching team through a digital communication tool. An extended and 
a short manual are available for both parents and the coaching team regarding the tool features 
needed for these interventions.
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Registrations
Parents will register the training activities performed to obtain information about the actual 
intensity and content of the training. In both home-based training programs, parents register 
on a daily basis whether training activities were performed, and, if so, (1) how much time their 
child trained each rehabilitation goal, (2) the activities used to train each rehabilitation goal, and 
(3) particular details of that day (e.g. illness of the child). Daily registration time is expected to be 
approximately 5 min. Moreover, on a weekly basis, parents register the experiences of both the 
child and the parent(s) with the training that week by means of emoticons. Parents are expected 
to need 5 additional minutes per weekly registration. The registrations will provide the coaching 
team with the information needed for remote coaching.
The training activities will be registered using a digital form (Excel-sheet) including written 
instructions. The registration form will be partially pre-filled by the therapist in order to 1) reduce 
the time burden and 2) to increase the chance on comprehensiveness of the data. Parents will 
share the registration forms with their coaching team by the digital communication tool.
Telecoaching and home visits
At the start of each week, scheduled contact moments with the parents and their coaching therapist 
will take place. During these contact moments, a small standard evaluation will take place, in which 
parents have the opportunity to ask questions, address problems regarding the support of the child 
during training, and indicate whether they need additional coaching by the remedial educationalist. 
During this evaluation, the registrations and video-recording of the training will be discussed. Fur-
thermore, the content of the program for the upcoming week is formulated. This weekly schedule 
ensures that adaptations to the original plan are possible. These contacts will be mainly over the 
phone, lasting approximately 30 min. Additionally, two times a home visit takes place, lasting approx-
imately 60 min. The home visits will take place in week 5 and week 9 of the home-based training. 
During these home visits, the therapist will select objects and toys from the child’s home situation 
for the training in the upcoming weeks and may provide additional objects if necessary. If desired 
by the therapist, it is allowed to schedule one extra home visit as a replacement for a telephone 
contact moment.
The remedial educationalist will contact the parents over the phone in the third week of the 
home-based training program. During this 30-min contact, the remedial educationalist discusses 
with the parents the process of home-based training, the parent-child interaction and, if appli-
cable, the sources of stress and how to cope with these. Hereafter, the remedial educationalist 
exchanges the findings with and gives advice to the therapist. In case parents have a need for 
extra support by the remedial educationalist or if the coaching therapist indicates the necessity, 
an additional contact moment with the remedial educationalist can be planned during the 12-
week treatment period.
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Contrast between implicit program and explicit program
Both home-based training programs will contrast with respect to the teaching strategy, i.e. how 
the parents will support their child during training (Fig. 1). This is put into practice at the level of 
organization, instructions, and feedback [33] (Table 2).
Table 2 Contrast between implicit and explicit learning in home-based training programs
Implicit Explicit
Instruction and feedback – Task-oriented
– Result-oriented
– Focused on motor performance
– Task-oriented
– Result-oriented
Organization Eliciting Prescribing
Parents participating in the implicit program will provide their child with instructions and 
feedback that solely focus on the activity itself (i.e. task-oriented) or the result of the activity (i.e. 
result-oriented) and that are aimed at motivating their child. A task-oriented instruction could 
for example be ‘please focus on closing the zipper’, whereas a result-oriented one would be ‘now 
try to close the zipper within ten seconds’. No information on how the child actually performs or 
should perform the activity is provided. That is, no information is given related to the movements 
needed to accomplish the activity. In this home-based training program, the use of both hands 
and the appropriate motor performance of the activity are elicited via manipulation of the organi-
zation of the activities. The organization of the activities comprises for instance the type of objects 
used (e.g. size of the zipper), the position of the child (e.g. sitting on the floor), and the setting (e.g. 
amount of distraction). Parents in this program will receive ideas from their coaching therapist, 
on activities and objects to elicit the proper bimanual performance by their child. Examples of 
corresponding instructions and feedback are also provided. During the home visits, the therapist 
will select a range of objects related to the rehabilitation goals that are available in the home 
environment and, if needed, additional objects.
Parents participating in the explicit program are instructed to give their child exact instruc-
tions and feedback on how to perform the bimanual activities, in addition to the instructions and 
feedback as described for the implicit program. In contrast to the implicit program, instructions 
in the explicit program are related to the movements needed to accomplish the activity, such 
as ‘hold the bottom of the jacket with your left hand while pulling the zipper up with your right 
hand’. Parents will receive specific and elaborate exercises with the corresponding instructions 
from the coaching therapist. Only specific objects necessary for the execution of the exercises will 
be selected in the home environment, and, if needed, provided.
To enforce this contrast, the task analyses in the explicit program will be complemented 
by a movement analysis for each step in which a performance error is detected. This movement 
analysis will focus on the child’s current performance (posture and movements) and the perfor-
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mance needed to complete the activity successfully. Based on this information, therapists oper-
ating in the explicit group can provide the parents with the instructions and feedback related to 
the appropriate motor performance.
Course for the therapists and remedial educationalists
In order to coach the parents according to the specific home-based training program, therapists 
and remedial educationalists will be instructed by members of the research team. The course will 
take place prior to the start of inclusion of participants in the programs.
Therapists will be instructed during a one-day course by a physical therapist and an occu-
pational therapist who have extensive experience with clinical practice, research and education 
in the field of pediatric rehabilitation. To prevent contamination, the instruction of the therapists 
will be provided for each home-based training program separately. During the course, therapists 
will be instructed how to perform a task analysis based on stage 1 of the PRPP System of Task 
Analysis [40], how to design the individualized training programs, and how to coach the parents 
during the intervention period. In addition, the use of a digital communication tool that can 
be used for the communication and exchange of documents and videos with parents will be 
addressed.
The course for remedial educationalists will last half a day. A remedial educationalist of 
the research team who has extensive experience with clinical practice, research and education 
in the field of pediatric rehabilitation will instruct the remedial educationalists operating in the 
home-based programs on how the parents should be coached during the intervention period, 
and on how to use the digital communication tool for the communication and exchange of doc-
uments with parents.
One year after the first instruction, a refresher course will be organized for all practitioners. 
For questions, therapists can contact the research team at any time.
The home-based training programs are elaborated in manuals. In these manuals, instruc-
tions and checklists are provided for all parts of the home-based training programs.
Study organization
The interventions described in this protocol are part of the ‘Co-creation at hand: the road to in-
dependence’ (COAD) study. The COAD-study is a collaboration between Maastricht University, 
Adelante, Radboud University, Sint Maartenskliniek, and Radboud University Medical Center. The 
home-based training programs and study were designed in consultation with a focus group con-
sisting of the director of the Dutch association of people with physical disabilities, parents of chil-
dren with CP, an adolescent with CP, as well as rehabilitation physicians, occupational and physical 
therapists, and a remedial educationalist experienced with rehabilitation of children with CP.
A process evaluation will be performed, with which we aim to systematically evaluate the 
processes and factors that influence implementation and effects of our home-based training 
programs. The methods of the process evaluation are described in a parallel paper (Beckers L, 
van der Burg J, Janssen-Potten Y, Rameckers E, Aarts P, Smeets R: Process evaluation of two home-
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based bimanual training programs in children with unilateral cerebral palsy (the COAD-study): 
protocol for a mixed methods study, submitted). In addition, a case series study will be executed 
to investigate the effects of the programs on the level of the child and the impact on the parents.
Discussion
In this paper we present two protocols for intensive home-based bimanual training in young 
children with uCP and their parents. Home-based training is considered an important interven-
tion for rehabilitation care of children with CP, now and in the future. In home-based training, 
children learn new skills in their natural environment. This has been suggested to lead to better 
generalization of therapy effects [16]. For parents of children with CP, home-based training offers 
the possibility to become more engaged in the therapy of their child. This is in line with the 
framework of ‘family-centred care’ in which care is built on partnerships between parents and 
professionals [41]. This framework is regarded as the gold standard in therapy for children with 
CP [41, 42] and is claimed to enhance health outcomes [41]. Moreover, home-based training is 
relevant from a societal perspective, as it may lead to a reduction of healthcare costs [43].
Despite consensus on the importance of home-based upper limb training for all those in-
volved [18], no evidence-based best practice exists yet. We aim to take the next step in the develop-
ment of effective home-based upper limb training programs for children with uCP that are feasible 
in daily life situations. In order to provide intensive training in the home situation, it is essential that 
children are motivated and parents experience little stress. Previous studies, however, showed an 
increase in parental stress and a reduction of therapy compliance over time [18, 19, 44]. Incorpo-
ration of implicit motor learning principles seems to be a promising method to prevent or reduce 
these adverse effects. That is, implicit motor learning is expected to lead to improved motivation 
for training in children [24, 25], and to a reduced burden on parents due to less need for prompting 
their child to use the affected arm and hand properly. Moreover, we strive to resolve the challenges 
encountered in previous studies by coaching the parents not only with respect to bimanual per-
formance of their child, but also with regard to parent-child interaction during practicing. Given 
the nature of the challenges observed in previous studies, this additional coaching by the remedial 
educationalists may be crucial. Because of their specific expertise on parent-child interaction and 
behavioral domain, the remedial educationalists are expected to be valuable in supporting the 
parents in their new role and in advising them on how to support and motivate their child. This will 
be important to empower the parents in their new role to facilitate an intensive training program.
Training intensity has been a crucial consideration regarding the feasibility of our home-
based training programs. Studies on centre-based programs have shown that a high training in-
tensity, i.e. 60–90 h in total, is essential for the improvement of upper limb functioning in children 
with CP [13]. However, a crucial difference between centre-based and home-based programs is 
the role of the parents in their child’s therapy. In contrast to centre-based programs, parents have 
a pivotal role in home-based programs as the facilitator(s) of their child’s training. However, their 
role has to be fulfilled in combination with their roles as parents and wage earners. A previous 
study on home-based training has shown that if training hours are not standardized, children 
with CP and their parents train, on average, 1–1.5 h per week [16]. Combining these findings, we 
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have strived to adopt a middle course resulting in a training intensity of 3.5 h per week for 12 
weeks (42 h in total). Through this training intensity, we aim for a level of parental involvement 
that is feasible for a heterogeneous group of parents to be able to implement the home-based 
training programs in a larger population.
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Abstract
Purpose To produce a Dutch translation of the Lifestyle Assessment Questionnaire for children 
with cerebral palsy (LAQ-CP), adapted for cross-cultural differences.
Methods The translation process consisted of 6 stages, following a guideline for cross-cultural 
adaptations including duplicate forward- and back-translations, expert group review, pilot-test-
ing, and a process audit.
Results Several adaptations to the questionnaire were required due to cross-cultural differences. 
As a result of the pilot-test, the layout was adapted to the desires of the users. The process auditor 
stated that the process had been comprehensive and valued the quality of the work.
Conclusion The project resulted in a Dutch translation of the LAQ-CP, adapted for cross-cultural 
differences. Validation of the translated questionnaire is required before use in clinical practice 
and research is recommended (Dutch abstract, Supplemental Digital Content 1, available at: 
http://links.lww.com/PPT/A164).
Keywords cerebral palsy; clinimetrics; cross-cultural translation; family; LAQ-CP; measurement; 
participation; questionnaire
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Introduction and purpose
Children with cerebral palsy (CP) may experience restricted participation as a result of their 
impaired motor function and activity limitations. Within the International Classification of Func-
tioning, Disability and Health, participation restrictions have been defined as “problems an in-
dividual may experience in involvement in life situations.”1 In children with CP, this may include 
participation with peers and family, at school and in leisure activities.2 In rehabilitation of children 
with CP, goal setting aims at retention or improvement of participation at home, at school, and 
in society. As a result, defining the level of participation is warranted to identify potential par-
ticipation problems, to support goal setting, to evaluate changes in participation over time, or 
to monitor therapy.3 Despite this need, the number of available instruments to measure partici-
pation in children with CP is limited. In the Netherlands, four questionnaires are recommended 
in a guideline of the Netherlands Society of Rehabilitation Specialists on diagnosis and treatment 
of children with spastic CP,3 that is, the APCP (Assessment of Preschool Children’s Participation); 
the CAPE (Children’s Assessment of Participation and Enjoyment); the LAQ-CP (Lifestyle Assess-
ment Questionnaire); and the LifeH (Assessment of Life Habits). In contrast to the APCP, CAPE, 
and LifeH, the LAQ-CP is not available in Dutch. The LAQ-CP is a condition-specific parent/car-
er-completed questionnaire, which measures the effect of disability on participation of children 
with CP ages 3 to 10 years as well as on their families’ participation.4 The latter distinguishes the 
LAQ-CP from the other recommended questionnaires, which are restricted to participation of the 
child.5 The LAQ-CP consists of 46 items with 6 domains: physical independence, clinical burden, 
mobility, schooling, economic burden, and social integration.4,6 The required time to complete 
the questionnaire is 20 minutes.6 The item scores of each dimension can be summed and scaled, 
to derive a dimensional score on a quasicontinuous scale from 0 to 100. The 6 dimension scores 
may be used to describe the child by a descriptive profile. In addition, the Lifestyle Assessment 
Score can be calculated. Dimensional weightings are integrated in this total impact score, which 
is expressed as a percentage. A higher Lifestyle Assessment Score indicates a more severe effect 
on the child’s life.4,6 Mackie et al4 evaluated reliability and validity of the LAQ-CP in children aged 3 
to 10 years. Test-retest reliability was found to be high (r = 0.97, P < .0001) and differences between 
individuals remained large and stable (χ2 = 0.29, not significant). Convergent validity has been 
investigated by comparing LAQ-CP scores with functional limitation scores as measured by the 
Central Motor Deficit Form.7 A significant correlation (r = 0.76, P < .0001) was reported, indicating 
good construct validity. Internal consistency and responsiveness have not been assessed.4–6 Thus 
far, the LAQ-CP is only validated for discriminative purposes. Additional research is needed to 
determine whether it can be used as an evaluative or predictive measure.6
Morris et al5 have recommended the LAQ-CP in their review on measures of participation 
for children with CP. It has a broad coverage of most domains of the International Classification 
of Functioning, Disability and Health and is distinctive from other questionnaires because of the 
focus on the effect on participation of the family unit, in addition to participation of the child.5 
Because the LAQ-CP measures a particular construct with regard to participation, rehabilitation 
of children with CP may benefit from a Dutch translation. Hence, the aim of this project was to 
produce a high-quality Dutch translation of the LAQ-CP, adapted for cross-cultural differences.
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Methods
A review of guidelines for cross-cultural translation and adaptation of questionnaires by Epstein 
et al8 did not lead to a consensus in methods. Nonetheless, they recommend using a validated 
approach that preferably involves more than one translator, reconciliation of the multiple transla-
tions into 1, and an expert committee.8 The guideline provided by Beaton et al9 includes all these 
stages. In addition, it contains a back-translation.8,9 We consider this is as an advantage, because 
it can facilitate communication with the developers of the original questionnaire.8 A drawback of 
the guideline is that involvement of the target population is limited to the pilot-test at the end 
of the process.
The translation process consisted of 6 stages, following the guideline for cross-cultural 
adaptations by Beaton et al9,10 (Figure 1). The project was coordinated by a project leader with 
a background in physical therapy and experience on 2 projects concerning clinimetrics. The proj-
ect was conducted by the Department of Rehabilitation Medicine at Maastricht University and 
Adelante Centre of Expertise in Rehabilitation and Audiology from December 2015 to July 2016. 
Before stage 1, a preparation stage was performed to facilitate the translation process. During 
the preparation stage, translators and members of the expert group were recruited, cooperation 
agreements were made, report forms were created, and the pilot-test prepared.
Stage 1
The LAQ-CP was independently translated from English into Dutch by 2 translators. Both trans-
lators were bilingual, with Dutch as their primary language. One translator translated the ques-
tionnaire from a clinical viewpoint, whereas a professional translator translated the questionnaire 
without medical background and without knowledge of the concept the questionnaire aims to 
measure. Both translators provided a written report of the translation process, including chal-
lenging phrases, uncertainties, and reasoning for their decisions. Stage 1 resulted in 2 Dutch 
translations: T1 and T2.
Stage 2
Both translators from stage 1 and the project leader combined the 2 translations of the LAQ-CP 
into 1 version of the questionnaire: T12. A report clarified the consensus process.
Stage 3
The translation of the LAQ-CP (T12) was independently back-translated from Dutch into English 
by 2 translators. Both professional translators were bilingual, with English as their primary lan-
guage. The translators had no knowledge of the concept the questionnaire aims to measure and 
were masked to the original English version of the questionnaire. Both translators provided a writ-
ten report of the translation process, including challenging phrases, uncertainties, and reasoning 
for their decisions. Stage 3 resulted in 2 English translations: BT1 and BT2.
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Stage 4
An expert group composed a prefinal version of the LAQ-CP, on the basis of the translations and 
reports of the previous stages. The expert group consisted of 7 people: the project leader, the 4 
translators, a pediatric physical therapist, and a pediatric rehabilitation physician. The last 2 both 
have approximately 30 years of clinical experience in pediatric rehabilitation. They participate 
in CP-Net, which is a Dutch network of health care professionals, researchers, patients with CP 
and their parents. The expert group made a report of the process during stage 4. One of the 
developers of the original English version of the LAQ-CP was consulted on cross-cultural issues 
during this as well as previous stages.
Stage 5
The prefinal translation of the LAQ-CP was pilot-tested in a convenience sample of parents of 
children with CP ages 3 to 10 years. Direct recruitment of potential participants known within the 
pediatric rehabilitation network of the experts was through an invitation letter. Parents were asked 
for their opinions on the questionnaire by a digital survey. Questions were primarily with regard 
to comprehensibility and applicability. No personal or medical data were collected. Furthermore, 
this study was considered not to lead to infringement of the physical or psychological integrity 
of our participants. Hence, ethical approval was not required, following the “Wet medisch-weten-
schappelijk onderzoek met mensen” (WMO; Medical Research Involving Human Subjects Act).11
Stage 6
The translation process was assessed during a process audit by means of review of the transla-
tions and reports of stages 1 through 5 by one of the developers of the original English version of 
the LAQ-CP. She judged the process and quality of the translation and created a report including 
comments to be considered by the expert group.
Results
The project resulted in the Dutch translation of the LAQ-CP, entitled “Vragenlijst ter beoordeling 
van de leefstijl van kinderen.” The final version of the questionnaire is provided as Supplemental 
Digital Content 2 (available at: http://links.lww.com/PPT/A165).
Stages 1 and 2 (Forward Translation)
Throughout the translation process, several arguments were taken into consideration. Simplici-
ty and terms generally used by clinical practitioners in their communication with parents were 
preferred, in order that the questionnaire be comprehensible for parents across socioeconomic 
groups. Moreover, consistency of terms and syntax was strived for throughout the questionnaire.
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The translators experienced translation of response options of items 8, 11, and 27 as 
challenging.
Several adaptations to the questionnaire were required because of cross-cultural differenc-
es. The types of services (item 11) and school types (item 26) that are accessible in the Nether-
lands are not the same as the types of services and school types that are provided in the United 
Kingdom. Subsequently, the response options were adapted to the situation in the Netherlands. 
The translation regarding types of services was formulated in a way that it remains applicable 
after future changes of regulations.
Amounts in pounds (items 13 and 14) were converted into amounts in euros. The value 
in euros for each response option is equal to the value in pounds, to maintain generalization 
between the questionnaires. However, the amounts were rounded. Distances in miles (item 23) 
were converted to kilometers, using the same approach for conversion.
Because cereal (item 17) is not as common to eat for breakfast in the Netherlands as it is in the 
United Kingdom, the activity “eating a bowl of muesli” was replaced by “eating a bowl of soup.”
Stages 3 and 4 (Back-Translation and Expert Group)
The expert group addressed several fundamental remarks.
The abbreviation of the English name of the questionnaire (ie, LAQ-CP) was preferred over 
a new Dutch abbreviation. For clarification of the abbreviation, besides the Dutch name of the 
questionnaire the English name was included.
In the introduction text, the translation “families” was replaced by the more specific “gezin-
nen” (meaning immediate families).
The expert group questioned why “leg support” (item 5) is mentioned separately, whereas 
support to the upper limb is not. Therefore, one of the designers of the original English question-
naire was consulted. The designer answered that ever since the questionnaire was designed, arm/
wrist splints and lycra suits have been used frequently. Therefore, in the Dutch translation “body 
support” was used. Examples were included to clarify for parents.
The expert group felt that eating a bowl of cereal and eating a bowl of soup are not equal-
ly difficult (item 17). Therefore, the Dutch T12 translation “eating a bowl of soup” was replaced 
by “eating a bowl of yoghurt.”
The expert team did not agree as to what is meant by the original item “getting out of bed” 
(item 17): the activity getting out of bed (ie, coming from supine position to sitting position to 
standing) or the activity of getting up in the morning (ie, the morning routine, including groom-
ing, getting dressed, etc). Consultation with one of the designers of the original English question-
naire clarified that the former was intended. The Dutch translation was amended accordingly.
The expert team did not agree as to what is meant by the original term “areas” (item 20). 
Hence, one of designers of the original English questionnaire was consulted. The designer an-
swered that it concerns other daily activities and it is not about other physical locations. The 
Dutch translation was changed correspondingly.
Moreover, the response options of items 8, 11, and 27 were amended after expert group 
discussion.
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Stage 5 (Pilot-Test)
Seven parents were recruited for the pilot-test. Respondents commented on multiple layout is-
sues. They felt the layout was disorderly, disliked circling answers, preferred more space to write 
down remarks, and disliked the childish pictures. Accordingly, the layout of the English version 
was adapted to the desires of the users, for example by including checking boxes, adding line 
breaks, and removing the pictures. Moreover, several minor changes in wording were made. In 
addition, respondents made content-related comments, for example regarding questions’ lack of 
specificity. To retain comparability between the Dutch translation and the original English ques-
tionnaire, these did not lead to changes to the construct to be measured.
Stage 6 (Process Audit)
The process auditor stated that the process had been comprehensive and valued the quality of 
the work. Based on comments of the process auditor, some additional changes were made.
The response options of item 11 were reconsidered. It was ensured that the number of 
response options in the Dutch translation is equal to the English questionnaire, to make general-
ization of the score calculation possible.
During the translation process, the activity “eating a bowl of cereal” (item 17) had been 
adapted to “eating a bowl of yoghurt,” because this is a more common activity in the Netherlands 
and was considered equally difficult to perform by the expert group. As a result of the process 
audit, however, eating yoghurt was changed back to eating soup, which in the end was estimat-
ed most similar to eating cereal regarding difficulty to perform the activity.
Discussion
The project resulted in a Dutch translation of the LAQ-CP, adapted for cross-cultural differences. 
The key strength of the project is the extensive procedure that was used for development of the 
translated questionnaire, consisting of duplicate forward- as well as back-translations, criticism 
by an expert group, pilot-testing, and a process audit. We feel that this approach was successful 
in capturing the relevant cross-cultural differences and making valid adaptations. Specifically, 
the expert group discussions revealed remarkable insights. The number of participants of the pi-
lot-test, however, was small and its scope relatively narrow, which resulted in limited information 
on perception of the target population regarding the questionnaire.
The Dutch LAQ-CP is promising to contribute to clinical practice and as an outcome for re-
search purposes, because it provides a valuable addition to measure participation in children with 
CP. Despite its promising benefits, the Dutch LAQ-CP should not be used in clinical practice and 
research until it has been validated. This is an important issue for future research. Psychometric 
properties of the instrument should be established with Dutch children. It is recommended to 
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investigate for which subpopulations (eg, regarding age) reliability, validity, and responsiveness 
are satisfying. The amended layout of the Dutch LAQ-CP is expected to result in a slightly higher 
usability and reliability than obtained from the original English version. Validity and responsive-
ness, however, are expected to be comparable.
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Abstract
Background As part of the COAD-study two home-based bimanual training programs for young 
children with unilateral Cerebral Palsy (uCP) have been developed, both consisting of a prepa-
ration phase and a home-based training phase. Parents are coached to use either an explicit 
or implicit motor learning approach while teaching bimanual activities to their child. A process 
evaluation of these complex interventions is crucial in order to draw accurate conclusions and 
provide recommendations for implementation in clinical practice and further research. The aim 
of the process evaluation is to systematically assess fidelity of the home-based training programs, 
to examine the mechanisms that contribute to their effects on child-related and parent-related 
outcomes, and to explore the influence of contextual factors.
Methods A mixed methods embedded design is used that emerges from a pragmatism par-
adigm. The qualitative strand involves a generic qualitative approach. The process evaluation 
components fidelity (quality), dose delivered (completeness), dose received (exposure and sat-
isfaction), recruitment and context will be investigated. Data collection includes registration of 
attendance of therapists and remedial educationalists to a course regarding the home-based 
training programs; a questionnaire to evaluate this course by the instructor; a report form con-
cerning the preparation phase to be completed by the therapist; registration and video analyses 
of the home-based training; interviews with parents and questionnaires to be filled out by the 
therapist and remedial educationalist regarding the process of training; and focus groups with 
therapists and remedial educationalists as well as registration of drop-out rates and reasons, to 
evaluate the overall home-based training programs. Inductive thematic analysis will be used to 
analyse qualitative data. Qualitative and quantitative findings are merged through meta-infer-
ence.
Discussion So far, effects of home-based training programs in paediatric rehabilitation have 
been studied without an extensive process evaluation. The findings of this process evaluation will 
have implications for clinical practice and further research regarding development and applica-
tion of home-based bimanual training programs, executed by parents and aimed at improving 
activity performance and participation of children with uCP.
Keywords Cerebral palsy, Process evaluation, Mixed methods, Complex intervention, Home 
program, Bimanual training, Upper extremity, Explicit motor learning, Implicit motor learning, 
Parental stress
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Background
Cerebral Palsy (CP) is the most common cause of motor disability in children [1]. The restrict-
ed motor function of one upper extremity in children with unilateral CP (uCP) mainly leads to 
perceived difficulty in performing bimanual activities of daily living [2]. These activity limitations 
often restrict the children’s level of participation with their peers and family, at school and in lei-
sure activities [3]. Most of these children are enrolled in different kinds of interventions during 
childhood to improve performance of bimanual activities and to promote participation.
There seems to be consensus among clinicians and researchers on the importance of 
home-based training programs for children with CP [4]. To allow implementation of these pro-
grams within the context of family life, collaborative service delivery is required, meaning families 
collaborate with professionals in the delivery of treatment. An et al. have defined three main 
principles of importance to collaborative service delivery in paediatric rehabilitation: family iden-
tified needs, shared responsibility, and family empowerment [5]. Taking into account the unique 
needs of the family promotes parents’ perceptions of shared planning. This shared responsibility 
is crucial for successful and effective implementation of interventions. Since families and pro-
fessionals have expertise on different areas, various essential perspectives on the child can be 
taken into consideration. Because of the parents’ engagement in collaborate service delivery, the 
empowerment of the family is supposed to be supported [5]. As a result, parents may become 
less dependent on health care professionals in the treatment of their child’s disability. Moreover, 
home-based training programs enable children to practice bimanual activities within the specific 
context of their daily lives. As a result, the neural processing demands during training are equal 
to the demands while performing the tasks in daily life. Therefore, no transfer of training to a new 
environment is required [6]. Hence, home-based training programs are expected to be highly 
effective in improving bimanual performance of activities and maintenance of training effects is 
more likely to occur.
Although there is evidence that home-based bimanual training programs are effective 
in improving bimanual performance [7, 8], data from several studies suggest that these programs 
can have adverse consequences too. In a qualitative study, Peplow and Carpenter showed that 
parents feel a lot of pressure to adhere to the training, eliciting perceived stress. In addition, ensur-
ing that the child performed the prescribed training activities required time and effort from par-
ents and impacted family relationships [9]. Likewise, Lin et al. reported that home-based training 
led to dysfunctional parent-child interaction and an increase of parental stress [10]. Since parental 
stress seems to have a negative impact on adherence, this may also limit the effectiveness of 
home-based programs [11].
Our research group currently performs the COAD-study (co-creation at hand: the road to 
independence). For this study, two home-based bimanual training programs for young children 
with uCP have been developed. Both programs aim to increase bimanual activity performance 
of the child, without increasing parental stress [12]. To pursue this, the programs differ from ex-
isting home-based bimanual training programs in two ways. First, a remedial educationalist or 
health care psychologist (referred to as ‘remedial educationalist’) collaborates with a paediatric 
occupational or physical therapist (referred to as ‘therapist’) in the coaching of parents in order 
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to specifically focus on the parent-child interaction. The main aim is to establish a functional par-
ent-child interaction, resulting in optimal adherence to the training with as minimal as possible 
increase of therapy-related parental stress. Second, as it is not clear what type of learning is most 
effective, parents in one program are coached to use an explicit motor learning approach while 
teaching motor activities to their child, whereas parents in the other program are coached to use 
an implicit motor learning approach. Within both programs, the therapist coaches the parents to 
provide particular instructions and feedback to their child and to organize the training activities 
in a specific way [13]. The latter includes for instance the type of object to be used (e.g. shape), 
the position of the child (e.g. sitting at a table) and the setting (e.g. slipperiness of the working 
surface). In both programs, parents provide task-oriented and result-oriented instructions and 
feedback to the child. An example of a task-oriented instruction is to tell the child to grab the jar 
of peanut butter and open it. Result-oriented feedback is for instance to compliment the child 
on opening the jar himself. Using the explicit approach, parents give additional instructions and 
feedback to their child regarding specific motor execution of the task. An example of an explicit 
instruction is asking the child to grab the jar of peanut butter with the affected hand whilst doing 
‘the trick of the thumb’ (i.e. abducting the thumb), and to subsequently squeeze the jar with the 
affected hand while turning the lid with the non-affected hand. By contrast, using the implicit 
approach, parents do not give any instructions or feedback regarding motor execution of the 
task. Instead, parents provoke specific motor execution by the organization of the task, for exam-
ple by positioning the jar of peanut butter on the affected side to elicit the child to grab it with 
the affected hand, and by using a sufficiently small-sized jar that can easily be squeezed with the 
affected hand while opening the lid with the non-affected hand. We hypothesize that by using 
an explicit approach, parents have to prompt their child frequently to attain the specified way of 
motor execution of the task, which may result in frustration and conflicts between the child and 
the parent. This may lead to an increase of perceived parental stress and limited adherence to 
the training. Moreover, the explicit instruction with regard to specific motor execution of the task 
has to be remembered by the child during task performance. Hence, working memory demands 
in the explicit approach are expected to be higher than in the implicit approach. As children with 
CP often have limited working memory abilities [14], this may cause complications during the 
training. The implicit approach is expected to have less adverse consequences than the explicit 
approach, as the parents do not need to prompt their child regarding motor execution of the task 
and working memory demands are lower.
As part of the COAD-study, the home-based training programs are tested for their effects 
and compared with each other, using a comparative case series design. Effects are measured 
on child-related outcomes regarding bimanual activity and participation. Additionally, parent-re-
lated effects are investigated, concerning parental stress and empowerment.
In addition to the effect evaluation, a process evaluation is needed, in particular because 
we consider these home-based training programs to be complex interventions [15]. This assump-
tion is based on four reasons. First, each program comprises multiple components that interact 
with each other. The components are for example instructional videos to train the parents, a task 
analysis performed by the therapist, performance of the home-based training by the child and 
parents, and a phone call from the remedial educationalist to coach the parents. Second, the 
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actions required by both the health care professionals and the parents are numerous as well as 
difficult. Third, the programs aim to produce change on a range of child-related and parent-relat-
ed outcomes. Fourth, tailoring of the programs to the individual child and parents is permitted to 
a relatively large extent.
Results regarding effects of our home-based training programs alone are not sufficient to 
come to accurate conclusions and recommendations for implementation in clinical practice and 
further research. For example, in case one or both home-based training programs are found to 
be successful, it is valuable to know why they are effective as well as whether and how they can 
be optimized. Likewise, if a program is unsuccessful, it is important to know why it is ineffective 
or has unanticipated effects. Because of the complexity of the programs, we consider that three 
aspects are important to investigate specifically. First, evaluation of effects must be related to 
the evaluation of fidelity, indicating whether the programs were performed (i.e. implemented) 
as intended within the comparative case series. Second, causal mechanisms should be clarified 
as far as possible, by exploring which components of the programs did and did not contrib-
ute to the effects of the programs. Third, it is relevant to identify what contextual factors with 
regard to children, parents and health care professionals are associated with possible variation 
in implementation and outcomes between child-parents triads and corresponding health care 
professionals [15]. In conclusion, a process evaluation of the home-based training programs is 
a crucial addition to the evaluation of their effects.
Consequently, this study aims to systematically evaluate the processes and factors which 
influence implementation and effects of the programs. For this purpose, a process evaluation of 
the programs will be performed using mixed methods embedded in the case series. Tashakkori 
& Creswell describe mixed-methods research as “… research in which the investigator collects 
and analyses data, integrates the findings, and draws inferences using both qualitative and 
quantitative approaches or methods in a single study or program of inquiry” [16]. Quantitative 
data collection will be used for factual information, for instance the number of minutes spent 
per day on each treatment goal, as well as basic opinions such as the degree of confidence of 
parents in the cooperation with the therapist. Qualitative data collection will be used to gain 
understanding of in-depth experiences, for example regarding the experiences of parents with 
the program. In the process evaluation, the quantitative and qualitative data will be combined to 
draw conclusions regarding the processes of the home-based training programs.
Methods
COAD-study summary
The COAD-study consists of a comparative case series and a process evaluation. It is a multicentre 
study with a pragmatic nature, which will be performed in the Netherlands from April 2017 until 
October 2018. It is expected that participants will be enrolled from five rehabilitation centres 
on nine locations situated in both urban and rural areas. The study population consists of children 
aged 2 through 7 years with a clinically confirmed unilateral spastic CP and Manual Ability Classi-
fication System (MACS) level I-III [17], and their parents. A total of approximately 18 children and 
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their parents will participate in the COAD-study. Children will be allocated to either the implicit 
home-based training program or the explicit home-based training program based on the pref-
erence of the parents. Parents receive an information leaflet regarding the difference between 
the programs and can discuss their decision with a health professional. We have described the 
protocols of the interventions in detail elsewhere [12].
The child-related primary outcome of the case series is performance of predetermined, 
individual rehabilitation goals, focused on bimanual daily life activities, as measured with the per-
formance scale of the Canadian Occupational Performance Measure (COPM) [18]. With respect 
to the parents, therapy-related parental stress, explored with in-depth parental interviews, is of 
primary interest. Secondary outcomes focus on bimanual activity and participation of the child as 
well as (general) parental stress and empowerment.
Design and paradigm
We will employ a mixed methods embedded design, that is a mixed methods approach in which 
quantitative as well as qualitative data collection and analyses are combined within a traditional 
quantitative or qualitative research design [19]. This study follows the embedded variant. The 
qualitative strand is implemented during the case series, thus a concurrent timing occurs. We 
consider the qualitative and quantitative parts of the case series and process evaluation equally 
important. The quantitative and qualitative strand will be interactive: mixing of methods occurred 
at the level of design and will continue during data collection (i.e. quantitative data will support 
selection of participants for elements of the qualitative strand) and during interpretation.
This study emerges from the pragmatism paradigm, which focuses on the consequences 
of actions, is problem centred, pluralistic and real-world practice oriented [19]. The qualitative 
strand involves a generic qualitative approach. Merriam describes generic qualitative research as 
an approach that cannot be specified as a particular type of qualitative study, such as grounded 
theory [20]. The aim of generic qualitative research studies is to understand the way people make 
sense of their lives and their experiences. However, it does not have an additional dimension 
that other designs have, such as understanding of a certain phenomenon in a phenomenological 
design [20].
Home-based training programs
A multidisciplinary team of certified care providers, consisting of a paediatric physical or oc-
cupational therapist and a remedial educationalist or healthcare psychologist will deliver the 
programs. Each therapist will operate within only one home-based training program to prevent 
contamination. Allocation of a therapist to a program is based on the preference of the therapist. 
Remedial educationalists will operate across both programs. No contamination is expected, be-
cause remedial educationalists are instructed to avoid coaching with regard to the therapeutic 
content of the programs.
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Course for therapists and remedial educationalists
Each therapist will complete a one-day course regarding the home-based training program. The 
course targets either the implicit approach or the explicit approach and mainly focuses on per-
forming task analyses and designing an individualized home-based training plan in accordance 
with the specific learning approach. During a half-day course, the remedial educationalists will be 
informed on the content of both home-based training programs and instructed how to coach 
parents. Members of the research team who are experienced clinicians and educators will provide 
the courses. Since inclusion of participants within the centres will start consecutively, the courses 
are repeatedly delivered during the study. Refresher courses will be organized for therapists as 
well as remedial educationalists approximately one year after the initial training.
The home-based training programs consist of two phases: a preparation phase and the 
home-based training phase.
Preparation phase
The 2-week preparation phase involves four aspects. First, a blinded therapist who is not involved 
in the home-based training program of the child will determine five individual rehabilitation 
goals of importance to the parents and child, using the COPM [18]. Second, the coaching team 
gets acquainted with the parents and the child in an introductory meeting between the parents 
and the remedial educationalist and another meeting between the parents, child and coaching 
therapist, at the rehabilitation centre. During the latter meeting, the therapist will observe the 
manual abilities of the child and will videotape the child performing the activities that the reha-
bilitation goals comprise. Third, based on these videos the therapist will perform a task analysis. 
The task analysis approach is based on principles of stage 1 of the Perceive, Recall, Plan and Per-
form (PRPP) System of Task Analysis [21]. According to this task analysis, each task will be divided 
in steps. Thereafter, the error types in performance of each step, i.e. errors of omission, repetition, 
accuracy or timing, are registered. For participants in the explicit program, therapists addition-
ally perform a movement analysis for each step in which errors occur. This movement analysis 
contains the posture and movement related actions the child does, as well as should perform 
in order to successfully complete the step. Subsequently, for all children therapists design an 
individualized training plan including instruction, feedback and organization of the task. Videos 
of the child during administration of the Assisting Hand Assessment (AHA) and the Observational 
Skills Assessment Score (OSAS) can facilitate training design [22, 23]. Fourth, the parents will be 
trained, which is twofold. Parents will receive instructional videos and a manual to study at home 
during the preparation phase. These materials address the content of the program, the coaching 
and teaching approach, and the use of the communication tool Quli (i.e. a Dutch online system 
for safe transfer of data such as documents, messages and videos between health care providers 
and health care consumers) [24]. Subsequently, at the end of the preparation phase, the therapist 
will visit the child and parents at home. This home visit allows the therapist to clarify the instruc-
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tional videos, discuss the training plan, assess the physical home situation and available objects 
related to the rehabilitation goals, and answer parents’ questions. In case parents or the therapist 
have questions in the behavioural and social interaction domain, the remedial educationalist will 
be consulted. The manuals for therapists and remedial educationalists include various checklists, 
for example to guide the home visit.
Home-based training phase
The aim of the home-based training is improvement of the child’s performance of individual 
rehabilitation goals through training that is congruent with the context of the particular goal (i.e. 
task-specific therapy). This is in accordance with the latest version of the recommendations for 
care of children with spastic CP in the Netherlands, i.e. the ‘Richtlijn Spastische cerebrale parese 
bij kinderen’ [25]. During this phase, parents will provide training to their child in their home envi-
ronment. The parent or caregiver most involved in the training will, as ‘primary trainer’, also have 
an active role in the data collection for the study. To foster implementation, a second parent or 
caregiver may also be involved in the training.
During the 12-week home-based training phase, parents and children will train for 3.5 h per 
week, preferably in meaningful situations. Parents can subdivide these training hours across the 
week in sessions with a minimum duration of 10 min.
In both programs, parents provide task-oriented and result-oriented instructions and feed-
back to the child. In the explicit approach, parents additionally give instructions and feedback 
to their child regarding specific motor execution of the tasks, whereas in the implicit approach 
parents provoke specific motor execution by the organization of the tasks.
Throughout the home-based training, parents will be coached by a therapist and a reme-
dial educationalist. The parents and therapist will have a 30-min appointment over the phone 
weekly. In week 5 and week 9 the therapist will visit the parents at home for 60 min. If necessary, 
the therapist may schedule one additional home visit during the home-based training phase. 
Furthermore, parents will be contacted by phone by the remedial educationalist after the second 
week of home-based training. If requested by parents or therapist, basically one additional con-
tact with the remedial educationalist can be planned.
To facilitate remote coaching, parents will register the amount and content of training 
they have performed with their child. Moreover, once a week they will record a training session 
on video. Parents will send the training registration form and the videos to the therapist and 
remedial educationalist via the communication tool Quli.
Follow-up period
A follow-up period succeeds the home-based training program, during which children will re-
ceive usual care. At the end of this 12-week period the final data will be collected to investigate 
the retention of training.
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Process evaluation methods
The approach described by Saunders et al. is used as the framework for the process evaluation. 
Saunders et al. describe five components of process evaluation: fidelity, dose, reach, recruitment, 
and context [26].
 — Fidelity (quality) is defined as “the extent to which an intervention was implemented as 
planned”.
 — Dose consists of dose delivered (completeness) and dose received (exposure and satisfac-
tion). Dose delivered includes “the amount or number of intended units of each interven-
tion or component delivered or provided by interventionists”. The exposure aspect of dose 
received is defined as “the extent to which participants actively engage with, interact with, 
are receptive to, and/or use materials or recommended resources”. The satisfaction aspect 
of dose received comprises “participant satisfaction with program, interactions with staff 
and/or investigators”.
 — Reach (participation rate) is defined as “the proportion of the intended priority audience 
that participates in the intervention”.
 — Recruitment comprises “procedures used to approach and attract participants at individual 
or organizational levels; includes maintenance of participant involvement in the interven-
tion and measurement components of the study”.
 — Context contains “aspects of the environment that may influence intervention implementa-
tion or study outcomes; includes contamination or the extent to which the control group 
was exposed to the program” [26].
Four of these five components of process evaluation will be investigated in our study. Reach of 
the home-based training programs in the context of the COAD-study is expected to be highly in-
fluenced by study related factors and will therefore not be assessed. Please note that throughout 
this paper implementation within the scope of the study is meant, not implementation within 
clinical practice.
Data collection
Table 1 shows the data collection methods, which will be used to assess the components fidelity, 
dose, recruitment and context of the process evaluation. The methods contain questionnaires, 
report and registration forms, videos, interviews and focus groups. In case of non-response to 
questionnaires and forms a maximum of three reminders will be send two, four and six days after 
the initial invitation. For the parent-related methods, the parent who is primary trainer will be 
asked to provide the requested input.
The following paragraphs will elaborate on the data collection.
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Table 1 Overview of data collection methods and respondents used to assess each process evaluation com-
ponent per phase
Process evaluation components
Phase
Data collection 
method Respondent Fidelity
Dose 
deliv-
ered
Dose 
received 
(expo-
sure)
Dose 
received 
(satisfac-
tion)
Recruit-
ment Context
Course for thera-
pists and remedial 
educationalists
Attendance X
Questionnaire Instructor X X X
Preparation phase Report form Therapist X
Home-based 
training phase
Registration form Parent X
Videos Parent X X
Interviews Parent X X X
Questionnaire Therapists 
and remedial 
educationalists
X X X
Follow-up period Interviews Parent X X X
Overall COAD 
home-based 
training programs
Focus groups Therapists 
and remedial 
educationalists
X X X
Drop-out: rates and reasons X
Course for therapists and remedial educationalists
For each course, attendance of therapists and remedial educationalists will be registered.
The instructors of the therapists and remedial educationalists will evaluate the course 
by a digital questionnaire. The questionnaire includes questions regarding duration, location, 
content, positive and negative experiences, competence of the participants after the course, re-
ceived feedback of the participants, and suggestions for improvement. All instructors are invited 
to fill out the questionnaire as soon as possible after the course and return it by e-mail.
Preparation phase
The first home visit will be evaluated by the therapist using a digital report form. This form includes 
for each point of the checklist for the first home visit provided by the protocol (as described in the 
paragraph ‘home-based training programs, preparation phase’) items regarding duration, under-
standing by parents, and particulars; other topics that were discussed; therapist’s impression of 
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parents’ competence to execute the home-based training; and whether the remedial education-
alist was going to be consulted instantly. The report form will be administered directly after the 
home visit by the online data collection application Castor EDC.
Home-based training phase and follow-up period
During the home-based training, all parents will register the daily amount of training and the kind 
of activities that were performed regarding each treatment goal (for example, closing the button 
of cotton trousers, while seated with the trousers on a table in front of the child); if applicable 
particular details per day, such as illness of the child; and perceived emotions of the parent as 
well as parent-rated emotions of the child related to the training via the use of emoticons. The 
digital registration form (Microsoft® Excel format) will be uploaded in the online data collection 
application Castor EDC by the parents at the end of the training program.
Besides, parents will be asked to make one video recording of a training session every week. 
From these twelve videos, six videos will be selected randomly. The video material will be scored 
by blinded assessors making use of a rating tool. The purpose of the tool is to define the degree 
of implicit and explicit approaches that parents use in training their child. This will be established 
by the proportion of task-oriented and result-oriented instruction/feedback versus instruction/
feedback regarding motor execution of the task. A random selection of 20% of the videos will be 
rated in duplicate in order to calculate the inter-rater reliability of the tool.
Moreover, three in-depth parental interviews will be conducted: halfway the home-based 
training phase, after the home-based training has ended and after the follow-up period of 
12 weeks. The interviews will be performed either with one parent or a parent-couple, including at 
least one parent actively engaged in the home-based training. The interviews will be semi-struc-
tured, following a pre-defined interview protocol. The duration of each interview will be approx-
imately 60 min. To facilitate transferability of the different aims of the process evaluation, for the 
interviews a specific sub research question has been formulated: How do parents experience the 
home-based training program and how do they integrate the program in the context of family life? This 
question directs the interview process as well as data-analysis. Topics that will be covered during 
the first two interviews are: overall experience with the home-based training program; integrating 
the home-based training in the daily life of the child, the parent and the family; influence of the 
training on the parent and on the child; experiences of the parent as a co-therapist and perceived 
reactions of the child; the coaching by the health professional(s); and suggestions for improve-
ment of the home-based training program. The third interview will cover retrospective experience 
with the home-based training program; (appreciation of ) influence of the home-based training 
on the parent and the child after the intervention had ended; suggestions for improvement; retro-
spective considerations regarding participation in the home-based training program; and recom-
mendation of the program to fellow parents. Additionally, therapy-related parental stress will be 
investigated by means of the interviews in the context of the case series of the COAD-study. The 
first interview will take place in person at the parents’ home, the second and third by video call. The 
interviews will be audiotaped. Trained interviewers will perform the interviews.
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To evaluate the particular course of the home-based training program for each child, the 
therapist and remedial educationalist will each fill out a questionnaire. The questionnaires include 
questions regarding the execution and timing of program elements; content-related and pro-
cedural particularities; and their opinion on the application of the program by the parents. The 
questionnaires will be administered by the online data collection application Castor EDC, after the 
program of an individual child has ended.
Overall home-based training programs
Focus groups will be held with therapists and remedial educationalists involved in the study to 
explore their experiences with the home-based training programs. The health professionals will 
attend separate focus groups, based on their occupation and the home-based program they 
provided. Participation of all health professionals is desired, while practical difficulties to accom-
plish this are expected to result in a convenience sample. The duration of the focus groups will 
be 90–120 min. A topic list will guide the focus group discussions. This list will be designed based 
on the results of the other elements of the process evaluation. If a meeting in person is logistic not 
feasible, a simultaneous online focus group will take place. The focus groups will be videotaped. 
A trained researcher and assistant moderator will moderate the focus groups.
Dropout rates will be assessed for each home-based training program and, if available, rea-
sons for drop-out will be recorded.
Data analysis
A graphical presentation of the data collection methods and the analysis process is given in Fig. 1.
Thematic analysis will be used for qualitative data, following the method described 
by Braun and Clarke [27, 28]. The analysis will be inductive (i.e. the identified themes will derive 
from the data) and on a latent/interpretative level. The latter indicates that ideas, assumptions, 
conceptualisations and ideologies will be determined that are theorized as underlying to the 
semantic content of the data. The first phase of the thematic analysis involves familiarization with 
the data. Verbatim transcripts will be created, the data will be read repeatedly and initial ideas 
will be noted. Phase 2 comprises systematic generation of initial codes. During phase 3 themes 
will be searched for by arranging codes into potential themes. Next, applicability of these themes 
to the coded extracts as well as the entire data set will be reviewed in phase 4. Phase 5 involves 
creating clear definitions and names for the themes, in order to refine their specifics. Phase 6 will 
offer the final opportunity for analysis. After selecting decent extract examples, final analysis and 
comparison of the analysis to the research aim and literature, the report will be produced [27, 28]. 
The qualitative data analysis software NVivo will be used throughout the data analysis.
Descriptive statistics include mean (standard deviation) or median (range) and number (%) 
for continuous and categorical data, respectively.
Initially the qualitative and quantitative data will be analysed concurrently. Thereafter, a side-by-
side comparison will be performed using a summary table in which the qualitative and quantitative 
findings are merged. This meta-inference will be followed by interpretation of the combined results.
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Validity and reliability of the qualitative strand
The process evaluation applies both between- and across-method triangulation by combining 
several quantitative and qualitative data-collection procedures, such as questionnaires, reg-
istration forms, in-depth interviews and focus groups. Data sources triangulation is performed 
by variance in respondents, namely trainers, parents, therapists and remedial educationalists. Two 
researchers will perform the data analysis. Hence, investigator triangulation occurs.
The results of the focus groups will be validated with the participating health professionals. 
No other member checking will be performed.
A researcher with expertise in qualitative research and with no other involvement in the 
project will peer review the process evaluation by verification of the analysis of 20% of the in-
terviews and focus groups. In addition, she will critically analyse whether the conclusions are 
founded. By the peer review process, it is strived for sufficient independence in conducting the 
process evaluation and interpretation of its results.
Researcher bias and assumption
The interviews will be executed by LB, the data analysis will be performed by LB and MM. LB is 
a physical therapist by origin, currently she is a PhD candidate on the COAD-study. MM is a re-
search assistant with a background as medical analyst. Because of the pragmatic nature of the 
study, the researchers involved in the process evaluation will remain passive observers during the 
study by avoiding interference with the home-based training programs and its delivery. Since the 
process evaluation will be executed by the project team, which is also responsible for develop-
ment and delivery of the programs and for the evaluation of outcomes of the case series, peer 
review will be performed as described in the previous paragraph.
The study, including data analysis, will be performed in Dutch. The findings and supporting 
evidence will be translated into English. Back translation of 20% of this material will be executed 
to increase credibility.
Discussion
This protocol outlines the background and design of the process evaluation of two home-based 
bimanual training programs for children with uCP. Evaluating two programs that differ regarding 
the approach by which parents teach motor activities to their child is innovative. Comparing an 
implicit with an explicit approach originates from the demand to increase bimanual activity and 
participation of the child whilst minimizing parental stress as a result of home-based training. 
Furthermore, to our knowledge, this is the first study to perform an extensive process evaluation 
parallel to an effect evaluation regarding home-based training programs in paediatric rehabilita-
tion. The aim of the process evaluation is to assess fidelity of the home-based training programs, 
to examine the mechanisms that cause the relation between the programs and their effects, and 
to determine the influence of contextual factors.
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A key strength of the process evaluation is the use of mixed methods. In general, it is as-
sumed that triangulation of quantitative and qualitative methods leads to greater validity than 
either single one alone, and that combining them offsets the weaknesses of each individual 
method [19]. For this specific study, the mixed methods design is chosen to get a more com-
plete understanding of processes occurring with regard to the home-based training programs 
and experiences of parents with the programs. Moreover, the qualitative data are expected to 
facilitate the explanation of the quantitative findings. The use of different types of triangulation as 
well as data collection during all phases of the home-based training programs will enhance the 
credibility (i.e. internal validity) of the study.
Member checking is limited to the focus groups at the end of the study. Member checking 
throughout the study would be expected to influence behaviour of parents, therapists and reme-
dial educationalists during the home-based training programs, possibly affecting the results of 
the process and/or effect evaluation. Another limitation includes execution of the process eval-
uation by the project team itself, which may introduce researcher bias. However, acknowledging 
this possibility as well as peer review by an independent researcher is assumed to reduce this risk.
The findings of this process evaluation will have implications for clinical practice and further 
research regarding development and application of home-based bimanual training programs, 
executed by parents and aimed at improving activity performance and participation of children 
with uCP.
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The overall aim of this dissertation was to generate scientific knowledge on the chances and chal-
lenges of home-based bimanual training in children with uCP. The previous chapters reported the 
results of the research project COAD (“CO-creation At hanD: the road to independence“). In this 
chapter, first the main findings of these studies are discussed, followed by an overview of meth-
odological considerations, implications for clinical practice, and directions for future research.
Interpretation of main findings
Home-based bimanual training
This section presents an overview of the conclusions from the COAD-project regarding home-
based bimanual training. To describe the coherence between the main findings of the different 
studies of this dissertation, a logic model was developed. A logic model is a graphical represen-
tation of a specific program that links outcomes with program activities and processes as well 
as the theoretical assumptions.1 The current logic model proposes an improved version of the 
home-based training program. The amendments are based on the conclusions of this disserta-
tion. The input for the logic model was derived from Chapter 7, 8, and 10. The study on barriers 
to recruitment provided the main input for the identification of resources. Resources (or inputs) 
include the human, financial, and organizational resources available to the program. The expect-
ed outcomes of the program are established from the hypotheses generated from the case series 
and process evaluation. I would like to emphasize that the logic model, presented in Figure 1, is 
an instant overview at this point in time. As the training program and evidence base develops, 
the model should be refined.
The assumptions on which the original training program was based have been formed 
by a literature search, described in the general introduction, and are also applicable to the im-
proved program. Enabling and limiting resources are distinguished in the model for the improved 
program. Enabling resources are financial reimbursement by health insurance companies; an 
efficient infrastructure within centers; and an effective data sharing system. Limiting resources, 
on the other hand, are decentralization of social policy, restricting the possibilities of financial 
investments by centers; travel time and uncovered expenses; limited availability of therapists and 
remedial educationalists; a culture in which health-care providers patronize families; pressure 
perceived by families, restricting their time and energy investment in training; and parents being 
hesitant to provide therapy. These resources all influence the implementation of the program ac-
tivities. These activities are the instructional course for health-care professionals; the task-analysis; 
the exchange of video-recorded training sessions; coaching by a therapist, including telephone 
appointments and home visits; and coaching by a remedial educationalist, including video call 
appointments. The instructional course, task-analysis, and the exchange of video-recorded train-
ing sessions affect the coaching by the therapist. The former and latter also affect the coaching 
by the remedial educationalist. The program activities are expected to result in varying doses 
of delivered home-based training. From the findings of varying training intensity and parents 
experiencing no or limited parental stress, it can be hypothesized that parents, either consciously 
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or unconsciously, self-regulate training intensity in order to avoid overburdening. In addition, 
the low inclusion numbers may reflect parental consideration of their ability to accomplish the 
home-based training program under study with an acceptable level of stress.
The outcomes for the child are hypothesized to show an increased quality and quantity 
of performance of the activities indicated as personal goals, increase of spontaneous use of the 
affected hand in bimanual activities that were not related to the personal goals, and improved 
performance of these activities, increased self-confidence, and increased independency. The par-
ent-related outcome measures revealed that parents’ knowledge on skill acquisition increased, 
as well as their self-confidence. The findings of the case series and process evaluation were not 
completely consistent with each other with regard to the performance of non-trained activities. 
In the case series no effects on performance tests was found, whereas parents indicated in the 
process evaluation that their child more often and better performed bimanual activities that were 
not trained. Three possible explanations for these differences can be given. First, a previous study 
showed that after intensive rehabilitation treatment, parents’ and experts’ perception of activi-
ties of daily living status is incongruent: parents estimated their child’s performance as better.2 
It is likely that this effect is even stronger after parent-delivered therapy, because of the effort 
of parents. Second, standardized tests may not be sensitive enough to detect subtle changes 
in a wide variety of activities that can only be observed in daily context and shared by parents. 
Third, parents also explained that their child’s self-confidence grew, resulting in increased ini-
tiative to perform activities. Hence, these changes instead of improved bimanual capacity may 
lead to increased bimanual performance in daily life, not detectable by the tests. Only short-term 
outcomes are incorporated in the logic model, as the research that led to this dissertation was 
not focused on long-term outcomes. In addition, the impact of the program, i.e. intended or un-
intended change occurring in rehabilitation organizations, the CP community, or family systems 
as a result of program activities, was not gauged. This impact is still a black box and therefore 
presented as such in the logic model.
Therapy-related parental stress
Therapy-related parental stress has not been included as an outcome in the logic model, since 
this is an unintended adverse effect of the program. From the results of the systematic review and 
our own findings, an interesting phenomenon has been observed. Qualitative interview studies 
showed that parents who delivered home-based training experienced stress to a greater or lesser 
extent.3 However, quantitative measurement with the Parental Stress Index (PSI), or the compara-
ble Dutch Opvoedingsbelastingvragenlijst (OBVL) in the present study, did not detect increased 
stress levels.4, 5 This can be attributed to the fact that these questionnaires measure more generic 
parental stress and are therefore not responsive to changes in therapy-related parental stress. 
Therefore, in Chapter 5 we proposed that therapy-related parental stress needs more attention, 
and that an instrument to measure this specific construct for clinical and research objectives is 
needed. For this reason, we initiated a satellite project on the development of such an instrument. 
We aimed to assess both stress intensity and contributing stressors. The latter requires a formative 
framework, meaning that the items (i.e. stressors) constitute the construct (i.e. therapy-related 
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parental stress).6 During the development process, we first organized a focus group with par-
ents of children with physical disabilities and a remedial educationalist to explore the construct 
of therapy-related parental stress. The results of the focus group were used to identify stressors 
whereby parents may experience therapy-related parental stress. Using this information, we 
constructed a first draft of a questionnaire. Thereafter, consultation with two experts on question-
naire development and psychometric evaluation led to adaptions and a provisional version of 
the questionnaire, entitled the Therapy-related Parental Stress Questionnaire (in Dutch: Vragenlijst 
Ouderlijke Stress als gevolg van Therapie van het kind (VOST)). The content of this provisional 
questionnaire has been described in Chapter 8. An extensive pilot test among parents of children 
with a disability has been performed to investigate parents’ experiences filling out the question-
naire and to evaluate applicability, completeness, terminology, and lay-out. Currently a field test 
of the amended questionnaire is running to reduce the number of items and to develop a scoring 
system. Assessment of the psychometric properties is a necessary next step.
A significant point of attention emerged during the interviews of the process evaluation as 
well as the field test. Parents experience impact of attending and/or providing therapy on their 
well-being, but they often do not describe these feelings with the term stress. This finding raises 
the fundamental concern that conceptualization of the constructs of caregiver strain and thera-
py-related parental stress need to be improved.
Research designs
The appropriateness of different research designs for intervention research in pediatric rehabil-
itation was not a topic of interest at the beginning of the project, but emerged as the project 
progressed. Chapter 7 showed that the RCT design partly explained the recruitment problems 
of the effect study. RCTs are generally accompanied with high costs, demanding coordination 
within multiple dynamic clinical settings, and large sample sizes. Recruiting large numbers of 
participants is a well-known challenge within the field of (pediatric) rehabilitation research. Many 
parents are invited to participate, which may attribute to the research fatigue and selectivity that 
has been reported by parents and health-care providers, in turn negatively affecting the recruit-
ment of future studies. Additionally, the randomization aspect is a reason for non-participation 
of families, since parents can have strong opinions towards an intervention or do not want to 
withhold their child a possible effective intervention. We argue that an iterative process in in-
tervention development and evaluation is better achievable. It enables early detection of diffi-
culties, particularly given the complexity of rehabilitation interventions.7 Stakeholders suggested 
wait-list control group and preference-based randomization, as well as (stepped-wedge) cluster 
randomization as potential alternatives. Since these designs still require many participants, to my 
opinion the single-case experimental design (SCED) is the way forward. In our scoping review 
(Chapter 11) we discussed that the SCED enables clinically-meaningful intervention research 
in the heterogeneous population of children and adolescents with CP. To make this design even 
more powerful, standards for the complex pediatric rehabilitation setting should be advanced 
and carefully followed by researchers. In addition to these methodological issues, there is another 
major concern. Funders and their referees still regard the RCT as superior in intervention research. 
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I challenge them to move forward and to prioritize the suitability of the design to answer the 
research question. For calls where proposals of different fields compete, one should consider 
the unique features of rehabilitation and their consequences for the methodological choices. 
Researchers who share our opinion, for their part, should attempt to educate others. Sharing ex-
emplary high-quality studies in the (pediatric) rehabilitation area may help to convince criticists.
Methodological considerations
The individual chapters include an overview of limitations and methodological reflections. Par-
ticularly Chapter 7 provides a profound analysis of lessons learned from the COAD-study. This 
general discussion is therefore limited to some overarching and additional considerations.
Mixed methods research
The COAD-study adopted a mixed methods methodology, because neither a quantitative nor 
a qualitative approach would have been sufficient to answer our research questions. An addi-
tional benefit of this methodology was that the strengths of each approach compensated for the 
weaknesses of the other.8 Creswell and Clark recognize that researchers need to possess knowl-
edge and skills of quantitative as well as qualitative procedures in order to conduct a proper 
mixed methods study.8 Since the composition of the research team in terms of expertise was 
merely quantitative, an expert in qualitative research and mixed methods methodology contrib-
uted to the project. We are confident that this was appropriate to achieve a rigorous research 
process. A second challenge of mixed methods research is the demand of research time, study 
duration, and associated costs.8 Because of the embedded design of our study, the participants 
were involved in both the quantitative and qualitative data collection. This created an issue of 
high research burden for the participants, particularly the parents.
Children’s involvement
Given the young age of the participants (2–7 years), parent proxies identified the needs of the 
children, which was the starting point for goal setting and the home-based training. One of 
the findings of the process evaluation was that the goals should match the child’s interest, and 
that this was not always the case. In other studies, children of the same age as our participants 
identified and scored goals themselves, using the Canadian Occupational Performance Measure 
(COPM), Goal Attainment Scaling (GAS), or Perceived Efficacy and Goal Setting System (PEGS).9 The 
latter measure uses illustrated and blank picture cards to indicate the activities the child wants to 
improve on. Thus, in our study it may have been feasible to take the opinion of the children into 
account during the goal setting process as well as evaluation. Likewise, the children’s voices were 
not directly heard in the process evaluation. Young children can be interviewed, although this 
requires time, effort, and specific techniques.10, 11 While this was not feasible in terms of research 
burden of families, interviewing the participating children would have likely added an additional 
level of information gathered during our process evaluation.
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Outcome measures
Our study aimed to cover all relevant constructs of the activity and participation components 
of the Children & Youth Version of the International Classification of Functioning, Disability, and 
Health (ICF-CY). This resulted in a set of relatively many relevant measures. Even though this was 
in itself a strength of the study, some problems arose by doing so. To begin with, parents indi-
cated that they felt uncomfortable to complete the questionnaires that targeted their feelings 
and behavior (parenting style, personality of the parent, and parental stress), resulting in a high 
number of missing data. They had difficulties recognizing the relevance for the research and did 
not identify themselves with the questions asked. This highlights the importance of a continued 
dialogue between participants and researchers from the start of planning until the closure of 
the study. I think that participants need to be better educated about the rationale of standard-
ized data collection, outcome measures, and repeated measurements. Researchers, on the other 
hand, are responsible for hearing and taking into account the participants’ concerns. Another 
issue was that the measurements were obviously time-consuming for parents, particularly at 
baseline. A possible solution may be computer-adaptive tests (CATs). Using item-response theory 
(IRT) models and developments in technology, the presented questions are based on the respon-
dent’s answers on previous ones. This targeting to the individual, results in more relevant items. It 
is also more efficient, requires fewer items and thus a shorter response time and less burden for 
the participant.12 The Patient Reported Outcomes Measurement Information System (PROMIS®) 
network generates domain-specific measures operationalized by large item bank, which can be 
administered by CATs.13 For the pediatric population, Dutch-Flemish translations are available 
for nine self-report item banks, including physical function–upper extremity, physical function – 
mobility, peer relationships, and depressive symptoms.14 CATs and the PROMIS® are continuously 
enhanced. Validating CATs and implementing them in intervention studies is a promising future 
research priority.
Goal Attainment Scaling (GAS), an individualized outcome measure of our effect study, in-
volves a comprehensive procedure. Krasny-Pacini et al. propose GAS quality appraisal criteria, that 
were not available prior to our study, though.15 They acknowledge that it is challenging to meet all 
criteria. Our study applied collaborative goal setting; GAS corresponding to the functional ICF-CY 
activity domains; adaptation to the specific time frame of the study; precise description of GAS 
levels preintervention, and verification of GAS scales by an external judge to check if the scale 
represented relevant goals, specificity to the aim of home-based training, clinically meaningful 
change, equal distance of levels, attainability/difficulty, measurability, and unidimensionality. In 
conclusion, our study met 13 of the 17 criteria. A recent review systematically appraised the sci-
entific rigor of studies in the field of pediatric rehabilitation using GAS, and found that on average 
4.71 criteria were met.16 Comparison with this result indicates that our GAS procedure was overall 
accurate. Still, four criteria were not met. First, not all therapists who were supposed to set the GAS 
had completed a formal GAS training before the start of our COAD-study. Therefore, a practical 
GAS training, which is in accordance with recommendations, was incorporated in the instruction-
al course of the COAD-study.15, 16 However, this training was less extensive and included limited 
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practicing of GAS writing. Previous research suggested that months of experience are needed 
before the GAS can be used in a valid and reliable wayt.17, 18 Second, context of performance 
measurement should be clearly defined and controlled for to warrant scoring reproducibility.15 
Retrospectively, this was inadequately done, particularly for instructions and amount of verbal or 
physical help provided. Third, preintervention performance should be verified and correspond 
to the initial level described in the scale (-2).15 This was not employed in our study. Performance 
in general and specifically in children can be variable, for instance due to motivation and before 
mentioned contextual aspects. Due to this, not having preintervention performance verified may 
have led to an inaccurate reflection of the true level of initial performance during formulation of 
the GAS scales. Fourth and last, interrater reliability was not calculated for the GAS scales of our 
study. The potentially insufficient training, limited controlled context, lack of verification of prein-
tervention performance, and absence of interrater reliability calculation could all have negatively 
affected the validity of the findings.
Statistical approach
As in almost all studies in pediatric rehabilitation, for our RCT we planned statistical methods 
based on the frequentist (classical) paradigm. An alternative approach is Bayesian statistics. The 
Bayesian paradigm offers a different view: “progress in science generally comes about by learning 
from previous research findings and incorporating information from these research findings into our 
present studies”.19 Cumulative knowledge is generated by compromising the prior distribution 
(based on all knowledge available) and the likelihood function (obtained from the data) into the 
posterior distribution. Advantages of this method include a reduction of the required sample 
size to obtain statistically significant results, more accurate results for non-normally distributed 
data, and more intuitive interpretation of results.19 Because at the time, effectiveness of home-
based bimanual training had not been addressed in previous studies, there was not sufficient 
prior information available (i.e. a noninformative prior distribution) to determine posterior distri-
butions. This made us decide against Bayesian statistical methods. However, the data from the 
COAD-study can be a source of information for prior probability of future studies. In addition, 
I plea for more recognition of Bayesian approaches, and strongly encourage fellow researchers to 
consider applying them. Particularly in view of the recruitment problems encountered by us and 
many others.
Implications for clinical practice
The findings of this dissertation have a number of practical implications. Taken together, the 
results of the case series and process evaluation do support the use of home-based bimanual 
training in clinical practice. Home-based bimanual training should be considered as part of a care 
pathway interspersed with center-based training. Ensuring appropriate home-based bimanual 
training of children with uCP, programs should include (1) a priori instruction of the health-care 
professionals, (2) a task-analysis performed by the therapist, (3) exchange of video-recorded 
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training sessions, and (4) coaching of the parents by a therapist and remedial educationalist. It is 
important to individualize the frequency and mode of coaching contact (e.g. telephone appoint-
ment or home visit) to the needs and preferences of the parents.
In both home-based training and other interventions, health-care professionals should 
acknowledge the potential of therapy-related parental stress. Awaiting validated questionnaires, 
I recommend professionals to discuss parental well-being, caregiver strain and therapy-related 
parental stress repeatedly with parents during their child’s rehabilitation process.
Directions for future research
Given the case series design, our study provides inconclusive evidence of the effectiveness of the 
home-based bimanual training programs. More work is required to confirm our findings. Like-
wise, an effect study is needed to demonstrate causality of some outcomes that were derived 
from the process evaluation, such as increased self-confidence. Future research should target an 
amended version of our home-based training program, using the suggestions of this dissertation 
as incorporated in the logic model. In addition, there is abundant room for progress in determin-
ing alternative home-based bimanual training programs, for instance a combined home- and 
center-based program. Special attention should be paid to the coaching process, well-being of 
parents during the home-based training, and the way children perceive the training. The pro-
grams under research should either be described in detail in the final report, or published in sep-
arate protocols. Research on implicit and explicit motor learning needs to focus on the suitability 
of approaches for individual children, parents, and phases of learning, rather than testing the 
dominance of one strategy compared to the other.
There are still many unanswered questions about therapy-related parental stress. To devel-
op a complete picture of this construct and to find the best way to measure it, additional studies 
will be needed. Moreover, the area of therapy-related parental stress, caregiver strain, and parent 
well-being should be embedded in intervention research in pediatric rehabilitation.
Despite the promising benefits of SCEDs, future studies on the methodological and sta-
tistical procedures of this design within pediatric rehabilitation are advocated. In the meantime, 
I strongly encourage fellow researchers to consider this design for intervention studies and trans-
parently share detailed protocols a priori and their experiences with the design afterwards.
12
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Valorization addendum
With the work presented in this dissertation we aimed to generate- scientific knowledge on the 
chances and challenges of home-based bimanual training in children with unilateral cerebral 
palsy (uCP). The theoretical and practical implications of our results were described in the vari-
ous chapters throughout this dissertation. Below, our findings are discussed in a broader societal 
context. According to the ‘Regulations for obtaining a PhD at UM’, in this addendum I consider 
valorization as “the process of creating value from knowledge, by making knowledge suitable 
and/or available for social (and/or economic) use and by making it suitable for translation into 
competing products, services, processes and new activities” (definition taken from the report of 
the National Valorisation Committee, Waardevol: Indicatoren voor Valorisatie [Valuable: Indicators 
for valorisation] (2011) The Hague: Rathenau Institute, p. 8). The addendum will address 1) the 
social relevance of the research results; 2) the target groups to whom the research results are of in-
terest; 3) the products and activities in which the research results will be applied and given shape; 
4) the extent to which the research results can be called innovative; and 5) how the valorization 
plan will be implemented.
Relevance
CP is the most common cause of motor disability in children. The impaired functioning of the 
arm and hand in children with uCP negatively affects independence, participation, and quality 
of life. In addition to the child itself, these consequences also impact the parents and siblings. 
Optimizing the care for children with uCP, to which the results of this dissertation contribute, is 
therefore valuable for the many families involved. Because no cost-effectiveness study has been 
performed, no conclusions can be drawn yet regarding the economic relevance of our findings.
Target group
We intended to generate research evidence for the benefit of children with uCP and their parents. 
Hence, in addition to researchers, grant providers, and others within the academic community, 
the results of this dissertation are primarily of interest to these children and their parents. The 
research is also highly relevant for the rehabilitation teams that are involved in the care of these 
families. Pediatric occupational and physical therapists as well as remedial educationalists are 
important target groups, because they are the parents’ coaches during the home-based train-
ing. Moreover, physiatrists can use the findings when discussing treatment plans with parents. It 
should be recognized that at this point no generalization is possible to children other than the 
population of interest in the study. To a lesser extent, policy makers can adopt our conclusions 
in the development or update of clinical guidelines, although the limited evidential value of the 
case series should be considered appropriately. Last, awaiting future research on the cost-effec-
tiveness of home-based training, our results are of interest to health insurance companies who 
fund the program.
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Products and activities
Our work has already been shaped into several products and activities. First, the paper as pre-
sented in chapter 4 provides a detailed description of the intervention protocol, in order for cli-
nicians and fellow researchers to use a comparable home-based training program. Second, the 
translation and adaptation of the Lifestyle Assessment Questionnaire for children with cerebral 
palsy (LAQ-CP) resulted in a Dutch version of the questionnaire, which is freely available at: http://
links.lww.com/PPT/A165. Last, dissemination activities included presentations and mini-symposia 
at national and international conferences. For the occasion of the defense of this dissertation, 
a one-day symposium is organized by the Centre of Expertise in Rehabilitation and Audiology 
of Adelante in collaboration with the Department of Rehabilitation Medicine (Care and Public 
Health Research Institute (CAPHRI)) of Maastricht University. The symposium targets researchers, 
clinicians, as well as parents. During the symposium both our results and work of others will be 
discussed.
There are various other opportunities to translate the insights of this dissertation into prod-
ucts and activities, apart from the scientific output. Given the complexity of the home-based 
training program, during the research we developed and provided a manual and instructional 
course to the healthcare professionals, and instructional videos to parents. These can be shaped 
into products to be implemented within the Netherlands or, after translation, internationally. The 
products should be amended using the results of this dissertation. The process evaluation point-
ed out the importance of a user-friendly tool to share videos and other data between parents 
and healthcare professionals. The existing system arQive was used in an inventive way to suit 
the needs within our intervention. It was concluded that arQive is promising to facilitate home-
based training. A next step is to optimize its functionalities and implement it thereafter. In order 
to inform parents and the general population about the research results, lay information will be 
disseminated where possible, for instance through social media, and opportunities for media 
attention will be seized.
Innovation
As the systematic review pointed out, many home-based interventions have been investigated, 
although not in the Netherlands. Furthermore, our study was one of the first to apply bimanual 
training in the home-based setting. Another important innovative aspect was the interdisciplin-
ary coaching by a therapist and remedial educationalist, which emerged to be a highly important 
component of the program. The distinction between an implicit and explicit motor learning ap-
proach, though not further recommended based on our results, was another novel facet. In addi-
tion to the intervention itself, the extensive process evaluation was an original research method 
in respect to home-based interventions.
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Planning and implementation
Part of the research team recently started a new study: the #Eurekah project (Effectieve da-
ta-Uitwisseling tijdens de REvalidatie van Kinderen met Arm-/handproblematiek: een Haalbaar-
heidsstudie). In this feasibility study it will be investigated whether arQive is indeed suitable to 
exchange data effectively during rehabilitation of children with arm/hand problems.
More work is needed to confirm the effectiveness of the home-based training program, 
before valorization of the intervention-related products should occur. Based on the experiences 
during this project, as described in chapter 7, I would recommend a well-designed single-case 
experimental design study of the optimized home-based training program. Pending these devel-
opments, no planning to implement the program can be provided yet.
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This dissertation presents the results of the research project COAD (“CO-creation At hanD: the 
road to independence“). The overall aim of this dissertation was to generate scientific knowledge 
on the chances and challenges of home-based bimanual training in children with unilateral ce-
rebral palsy (uCP).
Given the promising advantages of upper extremity home-based programs in children 
with cerebral palsy (CP), a systematic review of the available literature on this topic was war-
ranted. Chapter 2 describes the protocol of a systematic review, of which the purpose was to 
investigate currently available home-based occupational therapy and physiotherapy programs 
regarding both their feasibility and effect. The systematic review was developed in accordance 
with the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) 
2015. Studies were included in which primary data were collected, participants were children 
aged < 18 years with any type of CP and the intervention of interest was a home-based occupa-
tional therapy or physiotherapy intervention. Comparators of interest were: no therapy, care as 
usual, center-based occupational therapy or physiotherapy, an alternative home-based program 
and a medical intervention. Studies were included that report either on feasibility (i.e., acceptabil-
ity, demand, implementation, practicality, adaptation, expansion or integration) or on efficacy/
effectiveness (i.e., child-related upper extremity outcomes within all International Classification 
of Functioning, Disability and Health levels or parent-related/caregiver-related outcomes on the 
psychological and social domain). Relevant studies were identified by searching the databases 
MEDLINE, EMBASE, CINAHL, PsycINFO, PEDro, OTSeeker and CPCI-S as well as the trial registers 
ICTRP and CENTRAL, the reference lists of included records and by circulating a bibliography of 
the included records to authors of included studies. There were no restrictions on language or 
year of publication. The search strategy consisted of terms related to the population and interven-
tion. Data were extracted in duplicate using a digital data extraction form.
Chapter 3 describes the results of this systematic review. A total of 47 studies were includ-
ed, 22 feasibility studies (46. 8% ), 10 effectiveness studies (21.3%) and 15 studies that reported 
on both (31.9%). There was a large variation in child characteristics, whereas the vast majority of 
studies did not report any parent characteristics. The treatment approach was predominantly 
(modified) Constraint-Induced Movement Therapy (CIMT) (40%). The objectives of the interven-
tion, the use of motor learning principles, and the coaching of parents were mostly unspecified. 
The training duration of the parent-delivered home-based training varied from 2 weeks to 6 
months, and intensity from 70 minutes to 21 hours per week. The overall compliance to training 
(implementation) was moderate to high (62% to 96.1%). The majority of feasibility studies report-
ed that parents found it easy to carry out the program and enjoyed seeing their children improve 
(acceptability). Conclusions about the effectiveness of home programs could not be made be-
cause of the large variability in study, patient and intervention characteristics, comparators and 
outcome measures used in the included studies.
Despite consensus on the value of home-based upper limb training in rehabilitation of 
children with uCP, no evidence-based best practice exists. Promoting compliance of children to 
adhere to an intensive program while keeping parental stress levels low is an important challenge 
when designing home-based training programs. Incorporating implicit motor learning principles 
emerged to be a promising method to resolve this challenge. In chapter 4 we describe two 
316
Summary
protocols for home-based bimanual training programs, one based on implicit motor learning 
principles and one based on explicit motor learning principles, for children with unilateral spastic 
CP aged 2 through 7 years. Children receive goal-oriented, task-specific bimanual training in their 
home environment from their parents for 3.5 h/week for 12 weeks according to an individualized 
program. Parents are intensively coached by a multidisciplinary team, consisting of a pediatric 
therapist and remedial educationalist. Both programs consist of a preparation phase (goal setting, 
introductory meetings with coaching professionals, design of individualized program, instruction 
of parents, home visit) and home-based training phase (training, video-recordings, registrations, 
and tele-coaching and home visits by the coaching team). The programs contrast with respect to 
the teaching strategy, i.e. how the parents support their child during training. In both programs 
parents provide their child with instructions and feedback that focus on the activity (i.e. task-ori-
ented) or the result of the activity (i.e. result-oriented). However, in the explicit program parents 
are in addition instructed to give exact instructions and feedback on the motor performance of 
the bimanual activities, whereas in the implicit program the use of both hands and the appro-
priate motor performance of the activity are elicited via manipulation of the organization of the 
activities. With the protocols described, we aim to take a next step in the development of much 
needed evidence-based home-based training programs for children with uCP.
Chapter 5 aims to conceptualize the phenomenon of therapy-related parental stress 
(TRPS) in parents of children with a physical disability. Three models related to parental stress were 
reviewed, i.e. general parental stress, burden of caregiving in parents of children with disabilities, 
and experiences of these parents with their child’s therapy. We define TRPS as the subjective 
stress and subsequent changes of functioning and health experienced by a parent of a child 
with a physical disability in response to paramedical therapies (i.e. physical, occupational, and/or 
speech and language therapy). A theoretical model is proposed to describe the process of TRPS. 
Available questionnaires will most likely not be valid and responsive to capture the (changes 
in) stress parents experience related to therapy their child receives. This chapter provides a first 
definition of TRPS and a theoretical model to visualize the processes with regard to this topic. 
Empirical testing of the presented components and their coherence is needed to confirm or 
improve the model. A questionnaire that specifically measures the construct of TRPS is needed, 
along with evaluating TRPS in clinical practice and research.
Chapter 6 provides the development of a Dutch translation of the Lifestyle Assessment 
Questionnaire for children with cerebral palsy (LAQ-CP), adapted for cross-cultural differences. 
The translation process consisted of 6 stages, following a guideline for cross-cultural adapta-
tions including duplicate forward- and back-translations, expert group review, pilot-testing, and 
a process audit. Several adaptations to the questionnaire were required due to cross-cultural 
differences. As a result of the pilot-test, the layout was adapted to the desires of the users. The 
process auditor stated that the process had been comprehensive and valued the quality of the 
work. The project resulted in a Dutch translation of the LAQ-CP, adapted for cross-cultural differ-
ences. Validation of the translated questionnaire is required before use in clinical practice and 
research is recommended.
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Many trials fail to include the targeted number of participants, causing scientific and ethical 
problems. The COAD trial of home-based training programs for children with uCP encountered 
recruitment problems, even though the parent-delivered home-based approach complies with 
recent health-care developments in the Netherlands. The project presented in chapter 7 aimed 
to identify the barriers to recruitment in the COAD trial. This summative, multidimensional evalua-
tion comprised informal conversational interviews in which stakeholders who had been involved 
reflected on the factors that impeded successful recruitment of participants into the COAD trial. 
Barriers to implementation and recruitment were clustered according to the constructs of the 
Consolidated Framework for Implementation Research (CFIR). Member checking validated the 
findings. A total of 41 stakeholders contributed to this evaluation. Barriers to the implementation 
of the HBTPs were identified within every domain of the CFIR (intervention characteristics, outer 
setting, inner setting, characteristics of individuals, and process). Parent-delivered home-based 
training was perceived as highly complex and in conflict with the pressures on and the needs of 
parents. Many parents preferred the alternative center-based group interventions. The involve-
ment of a resonance group was highly valued, and opportunities for further enhancements 
emerged. Additionally, the importance of research consortia was emphasized. The appropriate-
ness of the randomized controlled trial (RCT) as the study design was criticized. The findings of 
this study are summarized in a tool which provides a dozen directions for the successful recruit-
ment of participants in pediatric rehabilitation research.
The aim of chapter 8 is to explore the child- and parent-related effects of home-based 
bimanual training, adopting implicit or explicit motor learning, in children with uCP. We present 
a case series of 14 children (2–7 years) who completed the training. Five children performed the 
implicit and nine the explicit programs. Both included goal-oriented task-specific training for 3.5 
hours/week for 12 weeks. A therapist and remedial educationalist coached parents in providing 
the training. Progression on bimanual goals and TRPS were of primary interest, measured with 
the Canadian Occupational Performance Measure (COPM) and by parental interviews. Data were 
collected at baseline (T0), halfway through the training (T1), at the end of training (T2), and after 
12 weeks (T3). On the COPM performance scale, a clinically relevant change was seen in 50% 
(7/14), 86% (12/14), and 85% (11/13), and, on the satisfaction scale, in 43% (6/14), 64% (9/14), and 
54% (7/14) of the children, at T1, T2, and T3, respectively. During the interviews, some parents 
indicated that they had experienced stress because of the intensity of the training. The secondary 
outcomes showed a tendency toward reduction of therapy-related and generic parental stress. It 
was concluded that the programs seem to positively affect children’s bimanual performance and 
parental stress.
A process evaluation of the complex home-based bimanual training programs is crucial 
in order to draw accurate conclusions and provide recommendations for implementation in clin-
ical practice and further research. Chapter 9 describes the protocol of the process evaluation, 
which aimed to systematically assess fidelity of the home-based training programs, to examine 
the mechanisms that contributed to their effects on child-related and parent-related outcomes, 
and to explore the influence of contextual factors. A mixed methods embedded design was used 
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that emerged from a pragmatism paradigm. The qualitative strand involved a generic qualitative 
approach. The process evaluation components fidelity (quality), dose delivered (completeness), 
dose received (exposure and satisfaction), recruitment and context were investigated. Data col-
lection included registration of attendance of therapists and remedial educationalists of a course 
regarding the home-based training programs; a questionnaire for the instructor to evaluate this 
course; a report form concerning the preparation phase to be completed by the therapist; reg-
istration and video analyses of the home-based training; interviews with parents and question-
naires filled out by the therapist and remedial educationalist regarding the process of training; 
and focus groups with therapists and remedial educationalists as well as registration of drop-out 
rates and reasons, to evaluate the overall home-based training programs. Inductive thematic 
analysis was used to analyze qualitative data. Qualitative and quantitative findings were merged 
through meta-inference.
Chapter 10 provides the results of the process evaluation. The programs were not fully im-
plemented as intended, but showed a good compliance of 79% of the intended training intensity. 
Overall, parents experienced the home-based training as positive. They were well able to provide 
the therapy. Activities of daily living were most easily practiced. For the children the program was 
demanding. Still, parents thought the program was worthwhile, as the bimanual performance of 
their child improved. Furthermore, altogether parents perceived the program as time-consuming. 
The extra pressure and time demands resulted in stress in few parents. Parents also experienced 
the 12-week program duration as too long. The combined coaching by the therapist and reme-
dial educationalist was a highly appreciated component of the program. The instructional course 
for health care professionals, the instructional videos for parents, the task-analysis, the telephone 
appointments, and the home visits all positively contributed to the program. Nevertheless, the 
frequency of appointments was considered too high when the program progressed, conversa-
tions by telephone induced limitations for the coaching by the remedial educationalist, everyone 
involved was annoyed by the problems with the data sharing system, and parents disliked filing 
out the registration form.
CP research is dominated by group-based designs and the RCT has long been considered 
superior. Single-case experimental design (SCED) provides a rigorous alternative, respecting the 
heterogeneity of the population. The study described in chapter 11 aimed to critically evaluate 
SCED studies performed within the population of children and adolescents with CP. A scoping 
review was performed. Studies were identified by searching electronic databases and included 
if they reported on a SCED study of children and/or adolescents up to 21 years with CP. Demo-
graphic, methodological, and statistical data were extracted. Articles were graded using the Risk 
of Bias in N-of-1 Trials (RoBiNT) Scale and evaluated for quality of reporting using the Consolidat-
ed Standards of Reporting Trials (CONSORT) extension for N-of-1 trials (CENT 2015). Comments 
regarding strengths and limitations were extracted and analyzed. Studies investigated the effects 
of a wide range of interventions on various outcomes. Most SCED types were adopted in multiple 
studies. All studies used visual inspection rather than visual analysis, often complemented with 
basic statistical descriptives. Risk of bias was high, particularly concerning internal validity. Many 
items of the CENT were insufficiently reported. Although the number of studies had increased 
over time, their risk of bias had not decreased. Several benefits and limitations of SCED were 
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identified. The conclusions were that SCED has potential within the context of personalized evi-
dence-based medicine in children and adolescents with CP, provided that the quality of evidence 
from results is increased through reduction of risk of bias.
In chapter 12 a general discussion of the main findings of the studies is provided. First, to 
describe the coherence between the results of the different studies, a logic model is presented, 
including assumptions, enabling and limiting resources, program activities, output, and outcomes. 
Second, we discuss a satellite project on the development of the Therapy-related Parental Stress 
Questionnaire (in Dutch: Vragenlijst Ouderlijke Stress als gevolg van Therapie van het kind (VOST)). 
Third, we argue for an iterative process in intervention development and evaluation in the com-
plex pediatric rehabilitation setting. The SCED enables clinically-meaningful intervention research. 
Thereafter, we discuss some overarching methodological considerations: the mixed methods 
research approach, the children’s involvement in the project, the outcome measures used, and 
an alternative statistical approach. In conclusion, our results do support the use of home-based 
bimanual training in clinical practice. Programs for children with uCP should include (1) a prio-
ri instruction of the healthcare professionals, (2) a task-analysis performed by the therapist, (3) 
exchange of video-recorded training sessions, and (4) individualized coaching of the parents 
by a therapist and remedial educationalist. More work is required to confirm our findings and to 
determine alternative home-based bimanual training programs. Special attention should be paid 
to the coaching process, the well-being of parents during the home-based training, the way chil-
dren perceive the training, and the suitability of motor learning approaches for individual children, 
parents, and phases of learning. Additional studies will be needed to develop a complete picture 
of the construct of TRPS and to find the best way to measure it. Lastly, future studies on the meth-
odological and statistical procedures of the SCED within pediatric rehabilitation are advocated.
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Dit proefschrift beschrijft de resultaten van het COAD onderzoeksproject (“CO-creation At hanD: 
the road to independence “). Het algehele doel van dit proefschrift was het genereren van we-
tenschappelijke kennis over de mogelijkheden en uitdagingen van bimanuele thuistraining voor 
kinderen met een unilaterale Cerebrale Parese (uCP).
Gezien de veelbelovende voordelen van thuisinterventies voor de bovenste extremiteit 
voor kinderen met Cerebrale Parese (CP), is een systematische review van de beschikbare litera-
tuur over dit onderwerp noodzakelijk. Hoofdstuk 2 beschrijft het protocol van een systematische 
review, met als doel om de haalbaarheid en het effect van de momenteel beschikbare ergo- en 
fysiotherapeutische thuisinterventies te onderzoeken. De systematische review werd ontwikkeld 
in overeenstemming met de ‘Preferred Reporting Items for Systematic Review and Meta-Analysis 
Protocols (PRISMA-P) 2015’. Studies werden geïncludeerd indien primaire data werd verzameld, 
de deelnemers kinderen in de leeftijd < 18 jaar met om het even welk type van CP waren, en 
de interventie een ergo- of fysiotherapeutische thuisinterventie was. Ter vergelijking werden de 
volgende behandelingen meegenomen: geen therapie, gebruikelijke zorg, ergo- of fysiotherapie 
in het centrum, een alternatieve thuisinterventie en een medische interventie. Studies werden 
geïncludeerd indien gerapporteerd werd over haalbaarheid (dat wil zeggen aanvaardbaarheid, 
behoefte, implementatie, bruikbaarheid, aanpassing, uitbreiding of integratie) of over effectiviteit 
(dat wil zeggen kind-gerelateerde uitkomstmaten voor de bovenste extremiteit binnen alle levels 
van de ‘International Classification of Functioning, Disability and Health’ of ouder-/verzorger gere-
lateerde uitkomstmaten binnen het psychologische en sociale domein). Relevante studies wer-
den geïdentificeerd door het doorzoeken van de databases MEDLINE, EMBASE, CINAHL, PsycINFO, 
Pedro, OTseeker en CPCI-S, evenals de trial registraties ICTRP en CENTRAL, de referentie-lijsten van 
opgenomen studies en door de verspreiding van een bibliografie van de geïncludeerde studies 
naar auteurs van opgenomen studies. Er waren geen beperkingen voor taal of publicatiejaar. De 
zoekstrategie bestond uit termen gerelateerd aan de populatie en interventie. Gegevens werden 
in tweevoud geëxtraheerd met behulp van een formulier voor digitale gegevensextractie.
Hoofdstuk 3 beschrijft de resultaten van deze systematische review. In totaal werden 47 stu-
dies geïncludeerd: 22 haalbaarheidsstudies (46,8%), 10 effectiviteitsstudies (21,3%) en 15 studies die 
beide rapporteerden (31,9%). Er was een grote variatie in kind karakteristieken, terwijl de overgrote 
meerderheid van de onderzoeken geen karakteristieken van de ouders rapporteerde. De behan-
delvorm was overwegend (gemodificeerde) ‘Constraint-Induced Movement Therapy’ (CIMT) (40%). 
De doelstellingen van de interventie, het gebruik van motorische leerprincipes en de coaching van 
ouders waren meestal niet gespecificeerd. De trainingsduur van de door ouders geleverde thuis-
training varieerde van 2 weken tot 6 maanden en de intensiteit van 70 minuten tot 21 uur per week. 
De algehele therapietrouw van de training (implementatie) was matig tot hoog (62% tot 96,1%). De 
meeste haalbaarheidsstudies rapporteerden dat ouders het gemakkelijk vonden om het program-
ma uit te voeren en het leuk vonden om hun kinderen vooruit te zien gaan (aanvaardbaarheid). Er 
konden geen conclusies over de effectiviteit van thuisprogramma’s worden getrokken vanwege de 
grote variabiliteit in studie-, patiënt- en interventiekarakteristieken, interventies waarmee vergele-
ken werd en uitkomstmaten die werden gebruikt in de geselecteerde studies.
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Ondanks consensus over de waarde van thuisinterventies voor de bovenste extremiteit 
in de revalidatie van kinderen met een uCP, bestaat er geen ‘evidence-based best practice’. Het 
bevorderen van de therapietrouw van kinderen om zich aan een intensief programma te houden, 
terwijl het niveau van ouderlijke stress laag blijft, is een belangrijke uitdaging bij het ontwerpen 
van thuistrainingsprogramma’s. Het integreren van impliciete motorische leerprincipes leek een 
veelbelovende methode om deze uitdaging op te lossen. In hoofdstuk 4 beschrijven we twee 
protocollen voor bimanuele thuistrainingsprogramma’s, één gebaseerd op impliciete motorische 
leerprincipes en één gebaseerd op expliciete motorische leerprincipes, voor kinderen met een 
unilaterale spastische CP van 2 tot 7 jaar. Kinderen krijgen doelgerichte, taak-specifieke, bimanuele 
training in hun thuisomgeving van hun ouders gedurende 3,5 uur per week gedurende 12 weken 
volgens een geïndividualiseerd programma. Ouders worden intensief gecoacht door een multidis-
ciplinair team, bestaande uit een kindertherapeut en orthopedagoog. Beide programma’s bestaan 
uit een voorbereidingsfase (doelen stellen, kennismakingsgesprekken met coaching professionals, 
ontwerpen van een geïndividualiseerd programma, instructie van ouders, huisbezoek) en een 
trainingsfase (training, video-opnamen, registraties als ook tele-coaching en huisbezoeken door 
het coaching team). De programma’s contrasteren wat betreft de aanleerstrategie, dat wil zeggen 
hoe de ouders hun kind tijdens de training ondersteunen. In beide programma’s geven ouders 
hun kind instructies en feedback die gericht zijn op de activiteit (dat wil zeggen taakgericht) of 
het resultaat van de activiteit (dat wil zeggen resultaatgericht). In het expliciete programma wor-
den ouders echter ook geïnstrueerd om exacte instructies en feedback te geven over de moto-
rische uitvoering van de bimanuele activiteiten, terwijl in het impliciete programma het gebruik 
van beide handen en de juiste motorische uitvoering van de activiteit wordt uitgelokt door het 
aanpassen van de organisatie van de activiteiten. Met de beschreven protocollen willen we een 
volgende stap zetten in de ontwikkeling van de hoognodige evidence-based thuistrainingspro-
gramma’s voor kinderen met een uCP.
Hoofdstuk 5 heeft als doel het fenomeen van therapie gerelateerde ouderlijke stress (‘the-
rapy-related parental stress’ (TRPS)) bij ouders van kinderen met een lichamelijke beperking te 
conceptualiseren. Drie modellen gerelateerd aan ouderlijke stress worden beschouwd, namelijk 
algemene ouderlijke stress, belasting door zorgverlening bij ouders van kinderen met een be-
perking en ervaringen van deze ouders met de therapie van hun kind. We definiëren TRPS als de 
subjectieve stress en daaropvolgende veranderingen in functioneren en gezondheid ervaren door 
een ouder van een kind met een lichamelijke beperking als reactie op paramedische therapieën 
(fysiotherapie, ergotherapie en/of logopedie). Een theoretisch model wordt voorgesteld om het 
proces van TRPS te beschrijven. Beschikbare vragenlijsten zullen hoogstwaarschijnlijk niet valide 
en responsief zijn om de (veranderingen in) stressbeleving van ouders in verband met therapie die 
hun kind krijgt vast te leggen. Dit Hoofdstuk biedt een eerste definitie van TRPS en een theoretisch 
model om de processen met betrekking tot dit onderwerp te visualiseren. Empirisch testen van 
de gepresenteerde componenten en hun samenhang is nodig om het model te bevestigen of te 
verbeteren. Een vragenlijst die specifiek het construct van TRPS meet is nodig, evenals evaluatie 
van TRPS in de klinische praktijk en onderzoek.
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Hoofdstuk 6 beschrijft de ontwikkeling van een Nederlandse vertaling van de ‘Lifestyle As-
sessment Questionnaire for children with cerebral palsy’ (LAQ-CP), aangepast voor cross-culturele 
verschillen. Het vertaalproces bestond uit 6 fasen, volgens een richtlijn voor cross-culturele aan-
passingen, namelijk dubbele ‘forward- en back-vertalingen’, beoordeling door een expertgroep, 
een pilot-test en een procesaudit. Er waren verschillende aanpassingen aan de vragenlijst nodig 
vanwege cross-culturele verschillen. Als resultaat van de pilottest werd de lay-out aangepast aan 
de wensen van de gebruikers. De procesauditeur verklaarde dat het proces uitgebreid was en 
waardeerde de kwaliteit van het werk. Het project resulteerde in een Nederlandse vertaling van 
de LAQ-CP, aangepast voor cross-culturele verschillen. Validatie van de vertaalde vragenlijst is 
vereist voor gebruik in de klinische praktijk en onderzoek wordt aanbevolen.
Veel onderzoeken slagen er niet in het beoogde aantal deelnemers te includeren, waar-
door wetenschappelijke en ethische problemen ontstaan. De COAD-studie naar thuistrainings-
programma’s voor kinderen met een uCP ervoer wervingsproblemen, hoewel de door ouders 
verleende thuisbenadering voldoet aan de recente ontwikkelingen in de gezondheidszorg in Ne-
derland. Het project gepresenteerd in hoofdstuk 7 beoogde de belemmeringen voor de werving 
in de COAD-studie te identificeren. Deze summatieve, multidimensionale evaluatie bestond uit 
informele gespreksinterviews waarin betrokkenen reflecteerden op de factoren die succesvolle 
werving van deelnemers aan de COAD-studie belemmerden. Belemmeringen voor implementatie 
en werving werden geclusterd volgens de constructen van de ‘Consolidated Framework for Im-
plementation Research’ (CFIR). Member checking valideerde de bevindingen. In totaal hebben 41 
stakeholders bijgedragen aan de evaluatie. Belemmeringen voor de implementatie van de thuis-
trainingsprogramma’s werden geïdentificeerd binnen elk domein van de CFIR (interventiekenmer-
ken, externe setting, interne setting, kenmerken van individuen en proces). Door ouders verleende 
thuistraining werd als zeer complex ervaren en in strijd met de druk op en de behoeften van de 
ouders. Veel ouders gaven de voorkeur aan de alternatieve groepsinterventies in de centra. De 
betrokkenheid van een klankbordgroep werd zeer gewaardeerd en er kwamen kansen voor ver-
dere verbeteringen naar voren. Daarnaast werd het belang van onderzoeksconsortia benadrukt. 
De geschiktheid van de ‘randomized controlled trial’ (RCT) als studiedesign werd bekritiseerd. De 
bevindingen van deze studie zijn samengevat in een tool die een dozijn aanwijzingen geeft voor 
de succesvolle werving van deelnemers voor onderzoek in de kinderrevalidatie.
Het doel van hoofdstuk 8 is om de kind- en ouder-gerelateerde effecten van bimanuele 
thuistraining, waarbij impliciet of expliciet motorisch leren werd gebruikt, te onderzoeken bij 
kinderen met een uCP. We presenteren een case series van 14 kinderen (2–7 jaar) die de training 
voltooiden. Vijf kinderen voerden het impliciete en negen het expliciete programma uit. Beide 
omvatten doelgerichte, taakspecifieke training gedurende 3,5 uur/week gedurende 12 weken. 
Een therapeut en orthopedagoog coachten ouders bij het geven van de training. Vooruitgang op 
bimanuele doelen en TRPS waren van primair belang, gemeten met de ‘Canadian Occupational 
Performance Measure’ (COPM) en door ouderinterviews. Gegevens werden verzameld bij baseli-
ne (T0) halverwege de training (T1), aan het einde van de training (T2) en na 12 weken (T3). Op 
de COPM ‘performance schaal’ werd een klinisch relevante verandering gezien in 50% (7/14), 86% 
(12/14) en 85% (11/13) en, op de ‘satisfaction schaal’, in 43% (6/14), 64% (9/14) en 54% (7/14) van 
de kinderen, respectievelijk op T1, T2 en T3. Tijdens de interviews gaven sommige ouders aan dat 
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ze stress hadden ervaren vanwege de intensiteit van de training. De secundaire uitkomstmaten 
toonden een neiging tot vermindering van therapie gerelateerde en generieke ouderlijke stress. 
Er werd geconcludeerd dat de programma’s de bimanuele prestaties van kinderen en ouderlijke 
stress positief lijken te beïnvloeden.
Een procesevaluatie van de complexe bimanuele thuistrainingsprogramma’s is cruciaal 
om accurate conclusies te trekken en aanbevelingen te doen voor implementatie in de klini-
sche praktijk en verder onderzoek. Hoofdstuk 9 beschrijft het protocol van de procesevaluatie, 
gericht op het systematisch beoordelen van de getrouwheid van de thuistrainingsprogramma’s, 
het onderzoeken van de mechanismen die bijdragen aan hun effecten op kind-gerelateerde en 
ouder-gerelateerde uitkomsten en het onderzoeken van de invloed van contextuele factoren. 
Een ‘mixed methods embedded design’ werd gebruikt dat voortkomt uit het pragmatisme para-
digma. Het kwalitatieve onderdeel behelsde een generieke kwalitatieve benadering. De procese-
valuatiecomponenten getrouwheid (kwaliteit), geleverde dosis (volledigheid), ontvangen dosis 
(blootstelling en tevredenheid), werving en context werden onderzocht. De dataverzameling 
omvatte de registratie van de aanwezigheid van therapeuten en orthopedagogen bij een cursus 
met betrekking tot de thuistrainingsprogramma’s; een vragenlijst voor de instructeur om deze 
cursus te evalueren; een rapportageformulier voor de therapeut met betrekking tot de voorberei-
dingsfase; registratie en video-analyses van de thuistraining; interviews met ouders en vragenlijs-
ten die moesten worden ingevuld door de therapeut en orthopedagoog met betrekking tot het 
proces van training; en focusgroepen met therapeuten en orthopedagogen, evenals registratie 
van uitvalpercentages en -redenen, om de gehele thuistrainingsprogramma’s te evalueren. In-
ductieve thematische analyse werd gebruikt om kwalitatieve gegevens te analyseren. Kwalita-
tieve en kwantitatieve bevindingen werden samengevoegd door middel van meta-inferentie.
Hoofdstuk 10 presenteert de resultaten van de procesevaluatie. De programma’s bleken 
niet volledig geïmplementeerd zoals bedoeld, maar vertoonden een goede therapietrouw van 
79% van de beoogde trainingsintensiteit. Over het algemeen ervoeren ouders de thuistraining 
als positief. Ze waren goed in staat om de therapie te geven. Activiteiten uit het dagelijks leven 
werden het gemakkelijkst geoefend. Voor de kinderen was het programma veeleisend. Toch 
vonden ouders dat het programma de moeite waard was, omdat de bimanuele prestaties van 
hun kind verbeterden. Bovendien vonden ouders het programma in zijn geheel tijdrovend. De 
extra druk en tijdsinvestering resulteerden in stress bij enkele ouders. Ouders ervoeren ook de 
programmaduur van 12 weken als te lang. De gecombineerde coaching door de therapeut en 
orthopedagoog was een zeer gewaardeerd onderdeel van het programma. De instructiecursus 
voor zorgprofessionals, de instructievideo’s voor ouders, de taakanalyse, de telefonische afspra-
ken en de huisbezoeken droegen allemaal positief bij aan het programma. Desondanks werd 
de frequentie van de afspraken als te hoog beschouwd wanneer het programma vorderde, de 
gesprekken via de telefoon hadden beperkingen voor de coaching door de orthopedagoog, alle 
betrokkenen waren geïrriteerd door de problemen met het systeem voor het delen van gege-
vens en ouders vonden het niet prettig om het registratieformulier in te vullen.
CP-onderzoek wordt gedomineerd door op groepen gebaseerde designs en de RCT werd 
lang als superieur beschouwd. Het ‘single-case experimenteel design’ (SCED) biedt een rigoureus 
alternatief, waarin de heterogeniteit van de populatie in acht wordt genomen. De studie beschre-
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ven in hoofdstuk 11 is gericht op het kritisch evalueren van SCED-onderzoeken uitgevoerd bin-
nen de populatie van kinderen en adolescenten met CP. Er werd een scoping review uitgevoerd. 
Studies werden geïdentificeerd door elektronische databases te doorzoeken en geselecteerd als 
ze rapporteerden over een SCED-studie van kinderen en/of adolescenten tot 21 jaar met CP. De-
mografische, methodologische en statistische gegevens werden geëxtraheerd. Artikelen werden 
beoordeeld met behulp van de ‘Risk of Bias in N-of-1 Trials (RoBiNT) Scale’ en beoordeeld op kwa-
liteit van rapportage met behulp van de ‘Consolidated Standards of Reporting Trials (CONSORT) 
extension for N-of-1 trials (CENT 2015)’. Opmerkingen met betrekking tot sterktes en beperkingen 
werden geëxtraheerd en geanalyseerd. Studies onderzochten de effecten van een breed scala 
aan interventies op verschillende uitkomstmaten. De meeste SCED-typen werden in meerdere 
onderzoeken toegepast. Alle studies gebruikten visuele inspectie in plaats van visuele analyse, 
vaak aangevuld met basale descriptieve statistiek. Het risico op bias was groot, vooral wat betreft 
interne validiteit. Veel items van de CENT waren onvoldoende gerapporteerd. Hoewel het aantal 
onderzoeken in de loop van de tijd was toegenomen, was hun risico op bias niet afgenomen. 
Verschillende voordelen en beperkingen van SCED werden geïdentificeerd. De conclusies waren 
dat SCED potentie heeft in de context van gepersonaliseerde, evidence-based geneeskunde bij 
kinderen en adolescenten met CP, op voorwaarde dat de kwaliteit van het bewijs van de resulta-
ten wordt verhoogd door het risico op bias te verkleinen.
In hoofdstuk 12 wordt een algemene discussie gegeven van de belangrijkste bevindingen 
van de onderzoeken. Ten eerste wordt een ‘logic model’ gepresenteerd om de samenhang tussen 
de resultaten van de verschillende studies te beschrijven. Dit behelst assumpties, bevorderende 
en beperkende bronnen, programma activiteiten, output en uitkomsten. Ten tweede beschrijven 
we een nevenproject over de ontwikkeling van de Vragenlijst Ouderlijke Stress als gevolg van 
Therapie van het kind (VOST). Ten derde pleiten we voor een iteratief proces voor de ontwikkeling 
en evaluatie van interventies in de complexe setting van de kinderrevalidatie. De SCED maakt 
klinisch relevant interventie-onderzoek mogelijk. Daarna bespreken we enkele overkoepelende 
methodologische overwegingen: de ‘mixed methods’ benadering van het onderzoek, de betrok-
kenheid van kinderen bij het project, de gebruikte uitkomstmaten en een alternatieve statistische 
benadering. Concluderend ondersteunen onze resultaten het gebruik van bimanuele thuistrai-
ning in de klinische praktijk. Programma’s voor kinderen met uCP moeten omvatten: (1) a priori 
instructie van de zorgprofessionals, (2) een taakanalyse uitgevoerd door de therapeut, (3) uitwis-
seling van gefilmde trainingssessies en (4) geïndividualiseerde coaching van de ouders door een 
therapeut en orthopedagoog. Meer werk is noodzakelijk om onze bevindingen te bevestigen en 
om alternatieve bimanuele thuistrainingsprogramma’s te ontwikkelen. Er moet speciale aandacht 
worden besteed aan het coachingsproces, het welzijn van de ouders tijdens de thuistraining, de 
manier waarop kinderen de training ervaren en de geschiktheid van motorische leerbenaderin-
gen voor individuele kinderen, ouders en fases van leren. Er zijn aanvullende studies nodig om 
een  volledig beeld te krijgen van de het construct van TRPS en om de beste manier te vinden 
om dit te meten. Tot slot worden toekomstige studies over de methodologische en statistische 
procedures van de SCED binnen de kinderrevalidatie bepleit.
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